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INTEODUCTION 


"  TO  THE  THIRD  EDITION. 


Ix  order  to  render  this  edition  more  valuable  to  the 
hydraulic  engineer  the  work  has  been  again  consider- 
ably extended  by  the  insertion  of  several  new  formulae, 
experimental  coefficients,  and  general  estimates  of  cost. 
It  is  hoped  that  the  extent  and  practical  nature  of 
these  additions,  will  render  the  book  still  more  useful 
than  before,  to  meet  the  ever-vaiying  requirements  of 
the  profession  in  connexion  with  rivers  and  water- 
works. The  experiments  of  Mr.  Mallet  on  syphons 
made  in  1848,  and  printed  in  Weale's  Quarterly  Papers 
on  Engineering,  have  been  reduced.  New  formulae  are 
given  for  finding  the  discharge  from  syphons,  flood- 
sluices,  and  tidal-sluices.  The  practical  formulsB  for 
gauging  by  weirs  have  been  added  to.  The  arrange- 
ment of  the  matter  is  in  some  places  altered,  and  some 
portions  of  the  former  introductions  transferred,  at 
their  proper  places,  to  the  text,  and  others  are  retained 
here. 
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At  page  85  the  erroneous  practice  of  different  engi- 
neers in  giving  only  two-thirds  of  the  coeflScient  of 
discharge  for  weirs  is  noticed.  This  practice  assumes 
that  the  theoretical  discharge  from  a  notch  is  the  same 
as  if  all  the  particles  of  water  had  the  same  mean 
theoretical  velocity  as  those  undermost^  which,  being 
too  large  by  one-third,  the  experimental  coefficient  has 
to  be  reduced  in  the  same  proportion  to  give  a  correct 
result.  There  is  no  reason  for  sanctioning  a  different 
coefficient  for  notches,  or  orifices  at  the  surface,  and 
for  sunk  orifices.  The  coefficients  when  in  thin  plates, 
with  large  cisterns,  have  nearly  the  same  general  value, 
*615  to  *628,  for  *both,  and  it  tends  to  confusion  to 
adopt  in  one  place  a  coefficient  for  a  correct  formula,, 
and  in  another  a  coefficient  for  an  incorrect  one ; 
although  the  final  result,  by  an  equality  of  contrary 
errors,  may  be  the  same.  I  may  here  observe  how 
very  general  the  coefficient  of  two-ihirdSf  and  there- 
abouts, is  for  all  orifices  and  notches ;  likewise  for  the 
useful  effect  derived  from  the  application  of  water 
power ;  as  well  also  for  the  relation  of  the  velocity  due 
to  the  fall  and  the  velocity  of  water  wheels  to  give  a 
maximam  ^^s^^*  "^^^  modifications  of  coefficients, 
dependent  the  position,  thickness,  form,  and  ap- 

proaches  qa         orifice,  are  as  yet  little  understood  by 
^^P^ofe^^^  *         ffi^e  defects  in  the  ordinary  formula 
.  ^"^  ^©  V     i^^^j^y  of  approach  has  to  be  considered  are 
^^*^0^   %/^^  ^^es  88  to  124,  and  it  is  to  be  regretted 
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that  the  authority  of  some  writers  on  the  subject  has 
misled  many  as  to  the  correct  form.  Before  the  effec- 
tive power  of  a  water-wheel,  or  water-engine,  can  be 
determined,  we  must  know  how  to  gauge  the  water 
supplied  to  it  correctly.  This  can  be  done  only  by  the 
application  of  formulae  and  coefficients  varied  to  suit 
the  circumstances  of  the  case  under  consideration. 
From  causes,  which  it  is  not  necessary  to  enter  into 
here,  this  has  seldom  been  done,  and  very  little  depen- 
dence can  be  placed  on  results  obtained  by  the  formula 
in  common  use  when  applied  generally.  It  is  pleasing 
to  follow  Mr.  Francis  and  Professor  J.  Thomson 
through  the  steps  by  which  they  get  the  effective 
power  of  their  wheels,  and  I  have'  accordingly  made 
considerable  use  of  their  labours  in  Section  XTV. 

In  practice,  the  irregular,  sometimes  sloping,  broken 
And  jagged  crests  of  most  weirs,  on  larger  rivers,  render 
any  close  estimate  of  the  quantity  passing  over  quite 
uncertain,  especially  for  lesser  depths,  unless  where 
the  observer  has  a  large  scientific  experience ;  and  the 
quantities  are  generally  too  large  to  apply  the  ordinary 
notch-gauge.  In  such  cases  it  is  better  to  measure  the 
flow  of  the  river,  stream,  or  mill-race,  from  the  cross 
section  and  the  observed  mean  velocity.  Frequently, 
however,  this  method  presents  another  difficulty,  in  an 
irregular  channel,  where  the  depths  and  velocities  vary 
'Considerably  in  the  same  cross  section,  and  where  the 
x;ros8  sections  themselves  vary  in  short  distances  apart. 
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In  such  cases  I  have  often  found  it  necessary  to 
divide  a  selected  stretch  into  two  or  more  longitudinal 
sections,  determining  the  cross  section  and  mean  velo- 
city of  each,  and  taking  the  sum  of  the  results  for  the 
flow :  which  may  be  checked  ofif  by  like  admeasure- 
ments on  a  diiferent  stretch  of  the  channel. 

Long  solid  stone  weirs,  with  an  enlarged  weir  basin 
in  connexion  with  mills,  to  regulate  the  head  and  to 
pond  water,  above  a  water-wheel,  have  especial  advan- 
tages for  this  duty ;  but  their  application  for  the  pur- 
pose of  keeping  down  the  head,  and  to  eflfect  drainage 
for  long  distances  up  a  river,  without  a  sluice,  or  fall- 
ing crest,  see  page  290,  was  marvellous — unless  for  the 
drainage  of  capital.  In  November,  1849,  in  connexion 
with  a  paper  on  the  Benburb  Mills  and  Weir  case, 
page  283,  I  drew  the  attention  of  the  Institution  of 
Civil  Engineers  of  Ireland  *  to  the  misapplication  of 
such  long  solid  wen's  on  the  Shannon,  for  navigation 
and  drainage  purposes.  The  "Arterial  Drainage 
Commissioner,"  on  the  Board  of  Works,  who  was 
present,  "pooh-poohed"  the  inferences;  but  the 
failure  of  those  works — rather  the  injury  they  do — ^has 
since  become  patent  to  all ;  and  after  an  expenditure 
of  about  £600,000,  an  Act  has  been  passed  for  the 

•  This  paper,  although  read  at  the  special  request  of  the  President, 
then  Chairman  of  the  Board  of  Works,  and  ordered  to  be  printed,  did 
not  appear  in  the  Transacti<mSf  but  its  substance  aftcnvards  became 
the  nucleus  of  our  First  Edition.  The  Commissioner  of  Drainage  was 
one  of  the  Vice-Presidents,  and  the  author  a  Member  of  Council  at  the 
time. 
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outlay  of  another  ^£300,000,  a  moiety  of  which  the 
riparian  proprietors  are  again  expected  to  contribute. 
This  amount  is  proposed  to  be  now  expended  in  order 
to  remedy  the  misapplication  of  a  large  portion  of  the 
first  sum,  £300^000  of  which  had  to  be  paid  by  the 
proprietors  of  the  adjacent  counties,  without  having 
had  any  control  over  its  expenditure. 

Since  the  Report  of  the  "  Commissioners  of  Inquirj^ 
into  the  Arterial  Drainage,  in  eleven  districts  in  Ire- 
land," see  pages  396,  397,  and  398,  and  the  removal 
of  the  Arterial  Drainage  Commissioner,  Treasury  Mi- 
nute, 24th  Jime,   1858,  drainage  works  have  been 
carried  on  under  a  better  system.     The  riparian  pro- 
prietors of  the   Shannon,  however,  if  again  taxed, 
should  have  power  to  nominate  an  engineer  of  their 
own  selection,  to  consult,  act  with,  or  control,  if  neces- 
sary, any  engineer  selected  by  the  Treasury,  or  by  the 
Commissioners  of  Public  Works,  and  to  see  after  and 
protect  their  special  interests.     The  system  of  execut- 
ing works  solely  by  or  tmder  the  staff  of  the  Government 
in  Ireland,  to  the  cost  of  which  districts  or  individuals 
contribute,  has  not  been  successful,  and  has  not  given 
satisfaction.    When  the  Treasury  is  solicited  to  lend, 
or  to  contribute  for  State  purposes,  the  control  exer- 
cised by  the  Board  of  Public  Works  and  its  engineers', 
with  reference  to  the  plans,  estimates,  and  specifica- 
tions submitted,  is  of  much  value  ;  but  the  sooner  the 
system  adopted  for  drainage  works  since  1858  is  gene- 
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rally  carried  out,  and  persons  to  be  taxed  for  the 
Shannon,  or  for  piers,  harbours,  and  other  works,  are 
also  permitted  to  have  a  voice  in  the  engineering  plans, 
and /a/r  control  over  their  execution^  the  better  for  the 
State  and  for  all  parties  immediately  interested. 

The  Tables,  from  I.  to  XIV.,  at  the  end  of  the 
volume  are  all  original,  with  the  exception  of  Table  I., 
which  contains  the  well-known  coefficients  of  Poncelet 
and  Lesbbos  ;  but  these  are  newly  arranged,  the  heads 
reduced  to  English  inches,  and  the  coefficients  for 
heads  measured  over  and  back  from  the  orifice,  placed 
side  by  side,  for  more  ready  comparison.  The  coeffi- 
cients in  the  small  Tables  throughout  the  work  were 
all  calculated  by  the  author  from  the  original  experi- 
ments ;  the  formulae  have  been  carefully  investigated, 
and  the  continental  ones  reduced  to  English  measures 
— some  of  them,  as  will  be  seen,  for  the  first  time. 

The  correction  of  some  of  the  experimental  formula, 
paxticularly  the  continental  ones,  as  printed  in  some 
English  books,  cost  the  author  some  labour.  Even 
Du  Bu&t's  well-known  formula  is  frequently  misprinted; 
and  in  a  hydraulic  work,  \/d— '1,  one  of  the  factors,  is 
printed  \/d—  '1  ^  every  page  where  it  is  given.  It  is  not 
always  that  such  mistakes  can  be  avoided,  but  experi- 
mental formulae  are  so  often  copied  from  one  work  into 
another  without  sufficient  examination,  that  an  error 
of  this  kind  frequenUy  becomes  fixed;  and  when  ap- 
plied  to  practical  purposes  erroneous  formula  get  the 
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correct  ones  into  disrepute.  See  note  to  formula  (Ql), 
page  218. 

The  Tables  of  velocities  and  discharges  over  weirs 
and  notches  have  been  calculated  for  a  great  number 
of  coefficients  to  meet  different  circumstances  of 
APPROACH  AND  OVERFALL^  and  for  various  heads  from 
:Jth  of  an  inch  up  to  6  feet.  Table  II.  embodies  the 
velocities  acquired  by  falling  bodies  under  the  head  of 
''theoretical  velocity,"  and  the  velocities,  suited  to 
various  coefficients,  for  heads  up  to  40  feet. 

The  formula  (45),  (46),  (45a),  and  (46a),  for  calcu- 
lating the  effects  of  the  velocity  of  approach  to  orifices 
and  weirs,  and  the  necessary  corrections  for  the  ratio 
of  the  channel  to  the  orifice  at  pages  88  to  114,  as  well 
as  Table  V.,  I  believe  to  be  original.  They  will  be 
found  of  much  value  in  determining  the  proper  coeffi- 
cients suited  to  various  ratios.  The  remarks  through- 
out Section  IV.  are  particularly  applicable  to  the 
proper  understanding  and  use  of  this  Table.  The 
hypothesis  from  which  formulae  (44),  (45),  and  (46)  are 
derived,  page  96  and  97,  and  from  which  Table  V.  is 
calculated,  was  firamed  for  the  purpose  of  giving  prac- 
tical results  when  the  orifice  a  approximates,  in  size, 
to  the  channel  c.  They  are  less  than  those  derivable 
from  formulae  (44a),  (46a,),  and  (46a),  which  give,  for 
every  value  of  the  coefficient  Cd,  infinite  results,  when 
A  =  c ;  and  results  much  too  large  in  practice  as  the 
values  of  a  and  c  approximate.    As  the  values  of  the 
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coefficients  for  (45a)  and  (46a)  can  be  immediately 
deduced  from  the  last  two  columns  of  that  Table,  by 
using  the  values  therein  given,  for  the  ratio  of  the 
channel  to  the  orifice,  as  multipliers,  for  any  primary 
coefficient  e^,  as  pointed  out  in  the  text,  the  resulting 
or  sECONDABY  Coefficients  for  both  sets  of  formulae  can 
be  compared  with  much  advantage. 

Table  VII.  of  surface  and  mean  velocities  will  be- 
found  to  vary  from  those  generally  in  use,  and  to  be 
much  more  correct,  and  better  suited  for  practical 
purposes,  particularly  when  applied  to  finding  the 
mean  velocities  in  rivers. 

The  Tables  at  pages  270  and  271  being  for  a  mean 
width  of  100  feet,  will  be  found  perhaps  more  generally 
applicable  to  river  channels  than  Tables  XI.  and  XII.,. 
for  a  mean  width  of  70  feet.  The  Tables  at  pages 
28,  29,  146,  and  199  give  similar  results  for  long  and 
shoi-t  cylindrical  pipes.  The  formula  (119a),  page  230^ 
for  finding  the  velocity  in  pipes  and  rivers,  is  general 
in  its  practical  application. 

The  loss  of  head  from  friction  in  a  uniform  water 

—  I  X  —  in  which  the  value  of  m 
m  /        r 

for  feet  measures  may  be  taken  from  the  Table,  page 

231,  with  reference  to  the  velocity  v.     The  loss  is 

therefore  directly  as  the  length  of  the  channel,  directly 


as 


(  —  ) ,  and  invei'sely  as  the  hydraulic  mean  depth 
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— ^which  is  one-fourth  of  the  diameter  for  a  cylindrical 
pipe.  I  have  known  an  engineer  of  considerable 
practice  take  it  as  proportionate  to  the  inner  surface 
of  a  pipe,  which  was  only  correct  when  the  diameter 
remained  constant. 

The  Statistics  of  rain-fall,  and  of  catchment-basins^ 
have  not  yet  received  the  fall  attention  which  the  sub- 
jects deserve.  The  distribution  of  rain  gauges  with 
reference  to  elevation,  contour,  temperature,  and  iso- 
thermal lines  has  not  been  sufficiently  attended  to. 
The  connexion  of  the  rain-fall  with  the  discharge  gene- 
rally, for  the  whole  catchment,  for  the  tributary  catch- 
ments, and  their  sub-catchments,  at  the  sea  in  the 
middle  districts  and  at  the  sources,  noting  the  geologjv 
must  be  observed  for  several  years  before  the  questions 
of  supply,  discharge,  absorption,  and  evaporation  in 
any  climate  can  be  answered.  The  maximum  and 
minimum  discharges  in  each  year  and  series  of  years 
must  be  observed,  as  well  as  the  average  mean  dis- 
charges, and  the  maximums  and  minimums  of  these 
also,  before  the  physical  connexion  of  climate  and 
catchment  can  be  correctly  ascertained,  and  the  engi- 
neer furnished  with  reliable  data.  Heretofore  obser- 
vations, even  when  of  the  best,  have  been  partial  or 
limited,  and  a  wide  field  is  here  yet  open  to  competent 
physicists  in  connexion  with  our  drainage  works,  lilr. 
Symons  is  now,  however,  reducing  the  rain-fall  in 
Great  Britain  and  Ireland  to  a  scientific  form. 
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The  general  items  of  cost  given  in  Section  XIII* 
will  be  found  of  use ;  they  are  intended,  however, 
more  as  guides  than  as  standards  for  estimating  other 
works,  the  cost  of  which  must  depend  on  their  own 
circumstances.  Those  who  have  practical  experience 
of  the  differences  between  estimates,  cost,  and  value, 
and  how  they  are  affected  by  changes  of  time,  locaKty, 
quality,  and  quantity,  will  estimate  for  themselves  in 
detail;  but  the  discrepancies  between  estimates  and 
cost,  even  under  the  same  circumstances,  are  too  well 
known  to  call  for  any  remarks  here. 

A  few  words  about  my  publishers.  The  Messrs. 
Lockwood  and  Co.  having  purchased  the  copyright  of 
the  work,  decided  on  adopting  for  this  edition  a  more 
<;onvenient  size  for  the  engineer  and  student  than  that 
of  the  last  edition;  but  printed  on  paper  as  good, 
and  with  type  fully  as  clear.  I  have  reason  to  be 
satisfied  with  the  manner  in  which  the  work  is  again 
brought  out  and  published,  and  wish  them  a  full  return. 
I  am  indebted  to  Mr.  E.  Field,  Westminster,  for  some 
observations  and  corrections,  which,  coming  after  the 
text  was  printed,  I  have  only  here  to  thank  him  for, 
having  made  use  of  them  in  the  errata. 

John  Neville. 

RoDEN  Place,  Dundalk, 
Fcbnianj,  1875. 


■*  \ 


CONTENTS. 


brmoDFCTiON  to  the  Third  Edition  .... 
Section  I.    Application  and  Use  of  the  Tables, 

FoRMITLa  —  EXTKA     H0R.SE-POWER     REQUIRED    IN 

PxTMPiNG  Engines  from  Friction  in  the  Pipes 
— ^Table  of  Heads  due  to  Friction  and  of 
Discharges 

Section  II.  Formula!  for  the  VELOcnr  and  Dis- 
charge FROM  Orifices,  Weirs,  and  Notches — 
Coefficients  of  Velocity,  Contraction,  and 
Discharge— Practical  Remarks  on  the  Use  of 
the  Formula 

Section  III.  Experimental  Results  and  Formula 
— Coefficients  of  Discharge  for  Orifices, 
Notches,  and  Weirs 

Section  IV.  Varlations  in  the  Coefficients  from 
the  Position  of  the  Orifice— General  Aim 
Partial  Contraction— Velocity  of  Approach- 
Central  AND  Mean  Velocities — Various  Prac- 
tical Formula  for  the  Discharge  oyer  Weirs 
AND  Notches 

Section  V.  Submfjrged  Orifices  and  Weirs— Con- 
tracted Riyer  Channels 

Section  VI.  Short  Tubes,  Mouth-pieces,  and  Ap- 
proaches—  Alteration  in  the  Coefficients 
from  Friction  by  Increasing  the  Length — Co- 
efficients OF  Discharge  for  Simple  and  Com- 
pound Tubes— Shoots 


PAGBBt 

•  •  •  • 

111 — XI 


1—81 


81-61 


61—80^ 


86— ISi 
184—144 


144—160 


.31V 


CONTENTS. 


.Section  VII.  Lateral  Contact  of  the  Water  and 
Tube — ^Atmospheric  Pressure — Head  measured 
to  the  Discharging  Orifice — Coefficient  of 
Kesistance — Formula  for  the  Discharge  from 
A  Short  Tube — Diaphragms — Oblique  Junctions 
— Formula  for  the  Time  of  the  Surface 
sinking  a  given  Depth — Lock  Chambers — Flood 
AND  Tidal  Sluices 

Section  VIII.  Flow  of  Water  in  Uniform  Chan- 
nels— Mean  Velocity — Mean  Radii  and  Hy- 
draulic Mean  Depths  —  Border  —  Train  — 
Hydraulic  Inclination — Effects  of  Friction — 

FORMULiB  FOR  CALCULATING  THE  MeAN  VELOCITY 

— Application  of  the  FoRMULis  and  Tables  to 
THE  Solutions  of  three  useful  Problems  .    . 

Section  IX.  Best  Forms  of  the  Channel-— Regimen 
— Velocity — Equally  Discharging  Channels  . 

Section  X.  Effects  of  Enlargements  and  Con- 
tractions— Backwater  Weir  Case— Long  and 
Short  Weirs — ^The  River  Shannon      .        .    . 

Section  XI.  Bends  and  Curves— Branch  Pipes — 
Different  Losspii  of  Head — General  Equation 
foe  finding  the  velocity — hydrostatic  and 
Hydraulic  Pressure — Piezometer — Syphons    . 

Section  XII.  Rain-fall — Catchment  Basins— Dis- 
charge INTO  Channels  —  Discharge  from 
Sewers  —  Loss  from  Evaporation,  etc.  .     . 

Section  XIII.  Water  Supply  for  Towns— Strength 
OF  Pipes  —  Sewerage  Estimates  and  Cost — 
Thorough  Drainage— Arterial  Drainage 

Section  XIV.  Water  Power  —  Dynamometer,  or 
Friction  Brake  —  0\t5rshot,  Breast,  and 
Undershot  Vertical  Wheels — ^Turbines  and 
Horizontal  Wheels — Hydraulic  Raai— Water- 
pressure  Engine — Work  of  Flour  Mills  . 


pAass 


160—188 


188—251 


251—272 


272—291 


291—815 


315-343 


348-399 


399—435 


CONTENTS, 


XV 


TABLES  NOT  EMBODIED  IN  THE  TEXT. 

'Table  I.  Coeffieienis  of  Discharge  from  Squai^e  and  Dif' 
ferenily  progoriumed  JRectangular  Lateral  Orifices  in 
Thin  Vertical  Plates.    (See  pp.  60,  61,  and  62.)      . 

Table  II.  For  finding  the  Velocities  from  the  Altitudes 
and  the  Altitudes  from  the  Velocities 

Table  III.  Square  Boots  for  finding  the  Effects  of  the 
Velocity  of  Approach,  when  the  Orifice  is  smaU  in 
proportion  to  the  Head.  Also^  for  finding  the  In- 
crease in  the  Discharge  from  an  Increase  of  Head. 
(See  pp.  91  to  99.) 

Table  IT.    For  finding  the  discharge  through  Eedan- 

gular  Orifices;  in  which  »  =  _- .   Also,  for  finding 

d 

the  Effects  of  the  Velocity  of  Approach  to  Weirs,  and 
the  Depression  on  the  Crest.    (See  pp.  91  to  99.) 

'T-VBLE  V.     Coefficients  of  Discharge  for  different  Ratios 
of  the  Channel  to  the  Orifice.    (See  pp.  98  to  114.)  . 
Table  VI.     The  Discharge  over  Weirs  or  Notches  of  One 
Foot  in  Length,  in  CvJbic  Feet  per  Minuie.    (See  pp. 
62  to  86,  90,  96,  109,  and  114  to  125.)        .        .     . 

Table  VII.  For  finding  the  Meam,  Velocity  from  the 
Maximum  Velocity  at  the  surface,  in  3fill-races, 
Streams,  and  Rivers  with  Uniform  Channels ;  and 
the  Maximum  Velocity  from  the  Mean  Velocity.  (See 
pp.  188  to  191.) 

Table  VIII.  For  finding  the  Mean  Velocities  of  Water 
flowing  in  Pipes,  Drains,  Streams,  and  Rivers.  (See 
p.  209.) 

Table  IX.  For  finding  the  Discharge  in  Cubic  Fed,  per 
Minuie,  when  the  Diameter  of  a  Pipe  or  Orifice,  and 
the  Velocity  of  Discharge,  are  known,  and  vice  versfi 

Table  X.  For  finding  the  Depths  on  Weirs  of  different 
Lengths,  the  Quantity  discharged  over  each  being 
supposed  constant.     (Seep.  289.)     .... 


PAGES 

436—487 
438-447 


448—449 


450—453 
454—459 

460—465 


466 


467—479 


480—481 


432 


1 


XVI 


CONTENTS. 


Table  XI.  lUlaiive  dimeTislons  of  Equally-Discharging 
Trapezoidal  Channels,  vnth  Slopes  from  0  to  1,  up  to 
2  to  1.    (See  pp.  267  to  272.) 

Table  XII.  Discharges  from  the  Primary  Channel  in 
the  first  column  of  Table  XL  (See  pp.  270  and  271.) 

Table  XIII.  The  Square  Boots  of  the  Fifth  Powers  of 
Numbers  for  finding  the  Diameter  of  a  Pipe,  or  Di- 
mensions of  a  Channel  from  the  Discharge,  or  the 
reverse  ;  showing  the  relative  Discharging  Powers  of 
Pipes  of  different  Diameters,  and  of  any  similar 
Channels  whatever,  closed  or  open,  (See  pp.  28,  29, 
245,^) 

Table  XIY.    English  and  French  Measures     •        .     . 

Table  XV.     Weight,  Specific  Gravity,  Ultimate  Strengt 
and  Elasticity  of  Various  Materials .... 


pAai9 

48a 

484—485 


486 
487—493 

494 


ERRATA. 

Page  99,  lino  IZ,  for  c^  within  the  brackets  read  cj. 

Page  179,  second  line  from  top,  for  **c^ht,'*  read  ^*c^aht\^ 

and  for  "/, "  read  "/." 
Page  219,  lines  4  to  11.    This  is  Dr.  Young's  modification  of 

Eytelwein.     The  original  formola  in  the  "Handbuch"  is 

equivalent  to  92*3  Vr».     (Mr.  Field.) 
Page  222,  line  one  at  top,  for  "  v^"  read  "  t^*." 


ON  THE 

DISCHARGE   OF  WATER 


FBOX 


ORIFICES,  WEIRS,  PIPES,  AND  RIVERS. 


SECTION  I. 

APPLICATION  AlO)  USE   OF  THE   TAfiLES^  AND  FORMULA. 

To  find  the  velocity  of  a  faJUng  body  from  the  height 
fallen,  or  the  height  fallen  from  the  velocity. 

RuiiE. — ^Multiply  the  square  root  of  the  height 

IN  INCHES  BY  27*8,  AND  THE  PRODUCT  WILL  BE  THE 
VELOdTY  IN  INCHES.*      To  FIND  THE  HEIGHT  FROM  THE 

VELOcrry,  square  the  velocity  in  inches  and  divide 

THE  SQUARE  BY  772'84,  THE  QUOTIENT  WILL  BE  THE 

HEIGHT  IN  INCHES.  See  equation  (1).  Table  II., 
column  1,  will  give  the  velocity  from  the  height,  found 
in  the  column  of  ''altitudes/'  or  the  height  from  the 
velocity,  directly. 

Example  1. — What  ia  the  velocity  a^cquired  by  a 
heavy  body  falling  ^ih  of  an  inch? 

In  the  Table  opposite  to  ^th  of  an  inch,  found  in 
the  column  headed  **  altitudes  &,"  is  found  9*829  in 

*  The  aqiuure  root  of  the  heij^t  in  feet  multiplied  by  8025  gives  the 
velocity  per  second  in  feet;  and  the  square  of  the  velocity  in  feet 
divided  by  64*4  will  give  the  height  in  feet  The  decimals  may  be 
'omitted  in  applications  for  engineering  practice,  and  the  mnltiplier  8 
and  divisor  64  only  used. 
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column  1,  for  the  required  velocity,  in  inches  per 
second. 

Example  2. — What  is  the  velocity  acquired  by  a  fall 
of  11  feet  S  inches  ? 

Opposite  to  11  feet  8  inches,  as  before,  is  found 
823*007  inches,  for  the  velocity  required. 

Example  8. — What  height  must  a  heavy  body  faU 
through  to  acquire  a  velocity  of  401^  feet  per  second? 

Here  40^  feet  is  equal  486  inches,  opposite  the 
nearest  number  to  which,  found  in  column  1,  is  found 
25  feet  6  inches  for  the  required  fall.  In  this  example, 
the  nearest  number  to  486  found  in  the  Table  is 
486'301.  The  difference  '801  corresponds,  verynearly, 
to  f  ths  of  an  inch  in  altitude,  and,  therefore,  the  true 
head  according  to  the  rule  would  be  26'  5^' ;  but  for 
all  practical  purposes  the  difference  is  immaterial. 

By  means  of  Table  II.,  directly,  or  by  simple 
interpolation,  the  velocity  due  to  all  heights  from  -j^ 
part  of  an  inch  up  to  40  feet,  can  be  foimd,  and  the 
heights  &om  the  velocities.  For  a  greater  height  than 
40  feet  it  may  be  divided  by  4,  9,  or  some  square 
number,  n^,  and  the  velocity  found  for  the  quotient, 
from  the  Table,  multiplied  by  2,  8,  or  n,  the  square 
root  of  the  divisor,  will  give  the  velocity  required. 

Example  4. — What  is  the  velocity  acquired  by  a  faU 

of  45  feet? 

46 

—  =  11'  8'^  the  velocity  corresponding  to  which, 

found  from  the  Table,  is  823-007.    Hence,  828-007 

X  V4=  823-007  X  2  =  646"-014  =  63' 10'^-014  is 
the  velocity  per  second  required.  The  reverse  of  this 
example  is  equally  simple. 
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Colmnns  8,  4,  5,  6,  7,  8,  9, 10,  11,  and  12  in  the 

Table,  give  the  values  of  ^^gh  multiplied  by  the 
coefficients  therein  stated.  These  colmnns  wiU  be 
found  of  great  practical  use  in  finding  the  mean 
velocities  in  the  vena-contracta,  in  the  orifice,  and  in 
short  tubes;  and  consequently,  also,  in  finding  the 
mechanical  force,  as  well  as  the  discharge.  An 
examination  of  the  coefficients  in  the  small  Tables  in 
Section  III.,  and  also  of  those  in  Tables  I.  and  Y., 
at  the  end  of  the  work,  will  show  how  much  they  vary ; 
but  those  most  generally  useful,  and  their  products  by 
the  theoretical  velocity  due  to  different  heads,  up  to  40 
feet,  are  given  in  the  columns  referred  to. 

Example  5. — What  is  the  discharge  from  an  orifice 
4  inches  by  8  inches,  the  centre  su/nk  20  feet  below  the 
surface  of  a  reservoir  ? 

From  Table   II.,  is  found  480*676  inches  equal 

85*89  feet  for  the  theoretical  velocity  of  discharge : 

8x4  2 

hence,      ^^     x  8689  =  9   x  S6'89  =  7*976 cubic 

feet  per  second  is  the  theoretical  discharge.  If  the 
discharge  takes  place  through  a  thin  plate,  or  if  the 
inner  arrises  next  the  water  in  the  reservoir  be  per- 
fectly square,  and  the  water  in  flowing  out  does  not 
fill  the  passage  so  as  to  convert  the  orifice  into  a  short 
tube,  the  coefficient  is  found  from  Table  I.  to  be 
•608.  The  true  discharge  then  is  7*976  x  "608  = 
4*809  cubic  feet  per  second. 

For  the  determination  of  the  coefficient  suited  to 
any  particular  orifice,  and  the  circumstances  of  its 
position,  the  reader  must  refer  generally  to  the  follow- 
ing pages.    If  in  the  example  just  given^  the  arrises 
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next  the  reservoir  were  rounded  into  the  form  of  the 
contracted  vein,  see  Fig.  4,  the  coeflScient  would 
increase  from  "608  to  '974  or  '956,  for  a  passage  not 
exceeding  a  couple  of  feet  in  length.  With  the 
former  the  discharge  would  be  7*976  x  '974  =  7*769 
cubic  feet,  and  with  the  latter  7-976  x  -956  =  7*625 
cubic  feet.  The  latter  results  may  be  found  other- 
wise from  Table  II.  With  a  head  of  20  feet  and  the 
coefficient  "974,  the  velocity  is  419*48  inches  =  84'957 

2 

feet;   hence,   the  discharge  is  g   x  84-957  =  7*768 

cubic  feet.     With  a  coefficient  of  '956,  the  velocity  is 

411*78  inches  =  8481  feet,  and  |   x  84*81  =  7*624, 

cubic  feet.  These  results  are  the  same,  practically, 
as  those  previously  found. 

If  the  inner  arrises  be  square,  and  the  passage  out 
be  from  18  inches  to  2  feet  long,  the  orifice  will  be 
converted  into  a  short  tube,  the  coefficient  for  which 
is  '815.  With  this  coefficient,  and  a  head  of  20  feet, 
find  as  before,  from  Table  II.,  the  mean  velocity 
of  discharge  851  inches   =  29*25  feet;   hence,  the 

2 

discharge  now  is    5    x   29*25  •■=  6'5  cubic  feet  per 

second. 

The  velocities  in  inches  per  second,  given  in  Tables 
II.  and  VIIL,  or  elsewhere  in  the  following  pages ^  may 
be  converted  into  velocities  in  feet  per  minute,  by  multi- 
plying by  6;  equal  j^* 

Example  6. — The  discharge  from  a  smaU  orifice 
having  its  centre  placed  10  feet  below  the  surface  of  a 
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reservoir  is  18  feet  per  minute^  what  tviU  be  the  discharge 
from  the  same  orifice  at  a  depth  of  17  feet  ? 

The  discharges  will  be  to  each  other  as  VlO  :  VlT, 
or  as  1  :  VTt  ;  or,  from  Table  HI.,  as  1  :  1-8088, 
whence  the  discharge  sought  is  equal  1*8088  x  18  = 
28-4684  cubic  feet. 

Example  7. — What  is  the  value  of  the  expression 
^d  1  1  H — a    ^  g   \    in  equation  (45),  when  c^  =  -617, 

and  m  =  2  ? 

TT  c'd  '617^  -3807         ,^^^ 

^ere  ^2  _  ^^  -  4  _  .6172  -  8.6198  -  '^w^; 

whence  the  first  expression  becomes  equal  to  *617 

(1-1062)*  equal,  from  Table  IH.,  -617  x  1-0518  = 
-649,  the  value  sought.  Table  Y.  contains  the  values 
of  this  expression  for  various  values  of  c^  and  m, 
which  latter,  m,  stands  for  the  ratio  of  the  channel  to 
an  orifice ;  and  then  immediately  find  from  it,  opposite 
2  in  the  first  column,  and  under  the  coefficient  -617 
in  the  sixth  column,  '649  the  value  sought.  When 
the  head  due  to  the  pressure,  and  to  the  velocity 
of  approach,  are  both  known,  we  can  determine  the 
new  coefficient  of  discharge  by  the  above  expression, 
and  thence  the  discharge  itself.  The  coefficient 
suited  to  the  velocity  of  approach  may  however  be 
found  directly  in  Table  Y.  The  usual  methods  for 
finding  the  effects  of  the  velocity  of  approach,  given 
by  d'Aubuisson  and  others,  are  incorrect  in  principle, 
see  Section  IY. 

Example  8. — What  is  the  discliar ge  from  an  orifice 
17  inches  long  and  9  inches  deep,  having  the  upper 
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edge  placed  4  inches  below  the  surface ^  and  the  lower 

edge  18  inches  ? 

2  

The  expression  for  the  discharge  is  ^  x  AW2gd 

X  ca  Ul  +  ^y  -  (|*y  I  equation  (48),  in  which  take 

d  =  9  inches ;   A^  =  4  inches ;    a  =  17  x  9  =  153 
square  inches ;  and   V2flr  d,  found  from  Table  II.  = 

88*4  inches.      Also,  -y  =  '444,  and  hence  the  value  of 

d 

(1.444)1  _  (-444)8  =  (from  Table  IV.)  1-44. 

Assuming  the  coefficient  of  discharge  to  be  '617,  then 

the  discharge  in  cubic  inches  per  second  is  equal  to 

I-  X  158  X  88-4  X  '617  x  144  = 

o 

I  X  12760-2  X  -88848  =  7668. 
o 

Consequently,  |         =  4'874  is  the  discharge  in  cubic 

feet  per  second.     From  equation  (6.),  the  discharge  is 
equal  to 

1^  X  '617  X  27'8  X  17  X  {185  -  4?} 

But  18*  -  4*  =  46-872  -  8,  from  Table  IV.,  equal 
to  88*872,  whence  the  discharge  is 

%  X  '617  X  27'8  X  17  X  88'872  =  11'4851  x  17  x 

88-872  =  194-8967   x   88-872  =  7557  cubic  inches 
=  4'874  cubic  feet,  the  same  as  before. 

It  is  shown,  equation  (81),  that  by  using  the  mean 
depth  for  orifices  near  the  surface,  the  discharge 
will  approximate  very  closely  to  the  true  discharge, 
and  that  even   for  weirs  the   error  will  not  exceed 
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6  per  cent.  The  discharge  is  then  expressed  by 
•617  V  2  ^  X  8^  X  9  X  17  =  (from  Table  II.) 
50-01  X  158  =  7651-58  cubic  inches  =  4*427  cubic 
feet  per  second.  The  head  to  the  centre  of  the  orifice 
is  here  S^  inches,  and  the  depth  of  the  orifice  9  inches, 
therefore,  in  equation  (81),  h  =  d  very  nearly ;  and, 
therefore,  this  result  must  be  multiplied  by  '989,  as 
shown  in  that  equation ;  then  '989  x  4*427  =  4*878 
cubic  feet,  which  gives  a  result  differing  from  those 
otherwise  found,  by  a  very  small  quantity,  which, 
practically,  is  of  no  value.  By  means  of  Table  VI. 
the  discharge  from  rectangular  orifices  near  the  surface 
can  be  found  with  very  great  facility. 

The  discharge  from  cm  orifice  near  the  surfa^ce  may 
always  be  found  with  sufficient  a^eu/ra^,  for  practical 
purposes,  by  measuring  the  head  to  the  centre,  in  the 
sams  manner  as  if  the  orifice  were  sunk  to  a  consider- 
able depth;  then  by  applying  the  corrections  given  in 
equation  (81) ;  or  if  the  orifice  be  circular,  those  given 
in  equation  (28);  suffi/Aent  accuracy,  according  to  the 
correct  formula,  is  obtainable. 

Example  9. — What  is  the  discharge  from  a  circular 
orijke  4  imhe,  in  dmmeter,  having  its  centre  placed  4 
inches  below  the  sufface,  when  the  coefficient  of  discharge 
is  -617  ? 

The  area  of  the  orifice  is  4  x  4  x  '7854  =  12*566 
square  inches.  The  velocity  in  the  orifice  at  the  mean 
depth  of  4  inches,  with  a  coefficient  of  '617,  is  84*81 
inches,  whence  the  discharge  is  12*666  x  84*81  = 
481*189  cubic  inches  =  '2496  cubic  feet  per  second, 
or  14*97  cubic  feet  per  minute.  By  means  of  Table 
IX.  the  discharge  in  cubic  feet  per  minute  can  be 
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found  very  readily  when  the  velocity  (84!'31  inches  per 
second)  is  known.    Thus, 

Inches.  Cable  feet. 

For  a  velocity  of    80*00  the  dischai^  is    13089 

4-00  „        „  1-745 

•80  „        „  0181 

„  „  -01  „        „  0-004 


I)  l>  V-XVM.  yi  ,1 


84-81  „        „  14-969 

By  applying  the  coefficient  fonnd  from  equation 
(28),  which  is  '992,  when  the  depth  at  the  centre  i& 
twice  the  radius,  as  it  is  in  this  example,  '992  x  14'97 
=  14'85  is  found  for  the  correct  discharge  in  cubic 
feet  per  minute.  Here  the  difference  in  the  results  is 
only  1  in  125. 

The  application  of  Table  YI.  enables  us  to  find 
the  discharge  from  rectangular  orifices  near  the  surface 
very  quickly.  Eesuming  "Example  8,"  the  discharge 
may  be  found  from  this  Table  for  each  foot  in  length 
of  the  orifice,  as  follows.  The  discharge  in  cubic  feet 
per  minute,  when  the  coefficient  is  '617  for  a  notch  1 
foot  long  and  18  inches  deep,  is  228'823 ;  and  for  a 
notch  of  4  inches  deep,  88'116;  therefore,  the  dis- 
charge from  an  orifice  9  inches  deep,  with  the  upper 
edge  4  inches  below  the  surface,  is  228*828  —  88*116 
=  185*207  cubic  feet  per  minute.  But  as  the  length 
of  the  orifice  is  17  inches,  this  must  be  multiplied  by 

17 

T^,  and  the  product  262*877  is  the  discharge  in  cubic 

feet  per  minute  ;  this  is  equal  to  a  discharge  of  4*878 
cubic  feet  per  second,  and  agrees  with  that  before 
found.  This  is  the  simplest  way  of  finding  the  dis- 
charge from  rectangular  orifices  near  the  siuface. 
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Example  10. — What  is  the  discharge  in  cubic  feet 
per  minute,  from  an  orifice  2  feet  6  inches  long  and  7 
inches  deep,  the  upper  edge  being  8  inches  below  the 
surface,  and  the  coefficient  of  discharge  '628  ? 

From  Table  VI.  the  discharge  from  a  notch  1  foot 
long  and  10  inches  deep  is  found  to  be  158'853,  and 
for  a  notch  3  inches  deep,  25'199.  The  difference,  or 
128*154,  multiplied  by  2J,  will  be  the  discharge 
required;  viz.  2J  x  128*154  =  820*885  cubic  feet 
per  minute. 

Example  11. — The  size  of  a  channel  is  2*75  times 
the  size  of  an  orifice,  what  is  the  coefficient  of  discharge 
when  that  for  a  very  large  channel  in  proportion  to  the 
orifice  is  "628  ? 

From  Table  V.  the  coefficient  is  found  to  be  '645, 
when  the  approaching  water  suffers  full  contraction* 
By  attending  to  the  auxiliary  Tables  in  the  text,  we  find 

for  this  case,  -r i  =  -TufTk  =  '86-   Hence,  there- 

'  channel        2*75  ' 

fore,  multiply  2*75  by  "857,  which  gives  2*86  for  the  ratio 

of  the  mean  velocities  in  the  orifice  and  in  the  channel 

approaching  it.    With  this  new  value  of  the  ratio  of 

the  channel  to  the  orifice,  find,  as  before,  the  value  of 

the  coefficient  from  Table  V.  which  is  '651.     The 

remarks  throughout  the  work,  with  the  auxiliary  tables,. 

wiU  be  found  of  much  use  in  determining  the  coeffi« 

cients  for  different  ratios  of  the  channel  to  the  orifice, 

notch,  or  weir,  and  the  corrections  suited  to  each.     If 

in  this  example, — other  things  being  the  same, — the 

alteration  in  the  coefficient  for  a  notch,  or  weir,  had  to 

be  considered,  it  would  be  found  from  the   Table, 

column  4,  to  be  '672  instead  of  *645  found  in  column 
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8,  for  an  orifice  sunk  some  depth  below  the  surface. 
For  the  corrections  suited  to  mean  and  central  velocity, 
and  to  the  nature  of  the  approaches,  they  may  be 
found  in  the  body  of  this  work  and  in  the  auxiliary 
tables  at  the  end  of  Section  IV. 

Example  12. — What  is  the  discharge  over  a  weir  50 
/eet  long ;  the  circvmstancea  of  the  overfall,  crest,  and 
approaches,  being  such  that  the  coefficient  of  discharge 
is  '617,  when  the  head  measured  from  the  water  in  the 
weir  basin,  6  feet  above  the  crest,  is  17 J  inches  ? 

Table  VI.  gives  the  discharge  in  cubic  feet  per 
minute,  over  each  foot  in  length  of  weir,  for  various 
depths  up  to  6  feet.  It  is  divided  into  two  parts ;  the 
first  for  "  greater  coefficients,"  viz.  '667  to  '617  ;  and 
the  second  for  "lesser  coefficients,"  viz.  '606  to  '518. 
The  coefficient  assumed  being  "617,  the  discharge  over 
1  foot  in  length,  with  a  head  of  17^  inches,  is  found 
to  be  348'799  cubic  feet  per  minute ;  hence  the 
required  discharge  is  50  x  848'799  =  17439'95  cubic 
feet. 

The  determination  of  the  coefficient  suited  to  the 
circumstances  of  the  overfall,  crest,  approaches,  and 
approaching  section,  will  be  found  discussed  elsewhere 
through  this  work.  The  valuable  Table  derived  from 
Mr.  Blackwell's  experiments  will  also  be  of  use ;  but 
the  heads  being  taken  at  a  much  greater  distance  back 
from  the  crest  than  is  generally  usual,  the  coefficients 
taken  fi:om  it  for  heads  greater  than  5  or  6  inches,  will  be 
found  less  than  the  true  ones  for  heads  measured  imme- 
diately at  or  about  6  feet,  above  the  crest.  For  heads 
measured  on  the  crest,  the  small  Table  of  coefficients  in 
Section  III.,  applicable  to  the  purpose,  will  be  of  use. 
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Example  18. — What  is  the  mean  velocity  in  a  large 
channel,  when  the  maximum  velocity  along  the  central 
line  of  the  surface  is  31  inches  per  second  ? 

Table  VII.  gives  25'89  inches  for  the  reqiiired 
velocity,  and  for  smaller  channels  24*86  inches.  In 
order  to  find  the  mean  velocity  at  the  surface  from  the 
maximum  central  velocity,  the  latter  must  be  multiplied 
by  -914. 

The  velocity  at  the  surface  is  best  found  by  means 
of  a  floating  hollow  ball,  which  just  rises  out  of  the 
water.  The  velocity  at  a  given  depth  is  best  found  by 
means  of  two  hollow  balls  connected  with  a  link,  the 
lower  being  made  heavier  than  the  upper,  and  both  so 
weighted  by  the  admission  of  a  certain  quantity  of 
water  that  they  shall  float  along  the  current,  the  upper 
one  being  in  advance  but  nearly  vertical  over  the  other. 
The  velocity  of  both  will  then  be  the  velocity  at  half 
the  depth  between  them.  The  velocity  at  the  surface, 
found  by  means  of  a  single  ball,  being  also  found,  the 
velocity  lost  at  the  half  depth  is  had  by  subtracting  the 
common  velocity  due  to  the  linked  balls  from  that  of 
the  single  ball  at  the  surface.  The  velocity  at  any 
given  depth  is  then  easily  found  by  a  simple  proportion ; 
but  the  result  will  be  most  accurate  when  the  given 
depth  is  nearly  half  the  distance  between  the  balls, 
which  distance  can  never  exceed  the  depth  of  the 
channel.  Pitofs  tube,  WoUmann^s  tachometer^  the 
hydrometric  pendvium,  the  rheometer,  and  several  other 
hydrometers,  have  been  used  for  finding  the  velocity ; 
but  these  instruments  require  certain  corrections  suited 
to  each  separate  instrument,  as  well  as  each  kind  of 
instrument,   and  are  not  so  correct  or  simple,  for 
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for  measuriBg  the  velocity  in  open  channels,  as  a  ball 
and  linked  balls.  In  general  the  surface  maximum 
velocity  can  be  found  by  throwing  in  a  rag- weed,  or 
some  other  plant,  and  observing  the  time  it  is  carried 
over  a  given  distance,  say  from  80  to  100  feet  or  more, 
according  to  the  circumstances  of  the  channel;  and 
multiplying  the,  velocity  so  found  by  *83  to  find  the 
mean  velocity.  If  the  velocity  at  the  surface  be  taken 
at  several  sections,  between  the  centre  and  the  banks, 
the  multiplier  should  be  increased  to  *91. 

Example  14. — What  is  the  discharge  from  a  river 
having  a  surface  inclination  of  18  inches  per  mile,  or 
1  in  3520,  40  feet  wide,  with  nearly  vertical  banks,  and 
3  feet  deep  ? 

The  area  is  40  x  8  =  120  feet,  and  the  border 
40  +  2  X  8  =  46  feet ;  therefore  the  hydraulic  mean 

depth  is  ^  =  2-61  feet  =  2  feet  7-8  inches.*   With 
^  46 

this  and  the  inclination  we  find  from  Table  VIII^ 

28*27  +  2-75  x    —  =  28-87  inches  per  second  = 

6 

28'87  X  6  =  144*86  feet  per  minute  for  the  mean 

velocity;  hence  144*85  x  120  =  17,822  cubic  feet  per 

minute  is  the  required  discharge.     For  channels  with 

sloping  banks  divide  the  border,  which  is  always  known, 

into  the  area  for  the  hydraulic  mean  depth,  with  which, 

and  the  surface  inclination,  find  the  velocity  by  Table 

YUI.,  and  thence  the  discharge.    Unless  the  banks  of 

*  For  greater  hydraulic  depths  than  144  inches,  the  extent  of  the 
Table,  divide  hy  9,  and  find  the  corresponding  velocity.  This  multi* 
plied  by  8  will  be  the  velocity  sought.  Or  divide  by  4  and  multiply 
by  2. 
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rivers  be  protected  by  stone  pavement  or  otherwise^ 
the  slopes  will  not  continue  permanent ;  it  is  therefore 
almost  useless  to  give  the  discharges  for  channels  of 
particular  widths  and  slide  slopes.  When  the  mean 
velocity  is  once  known,  the  remaining  calculations  are 
those  of  mere  mensuration,  and  they  should  be  made 
separately.  This  example  may  also  be  solved,  prac- 
tically, by  means  of  Tables  XI.  and  XII.  A  channel 
40  X  8  has  the  same  conveying  power  as  one  70  x  2, 
Table  XI.,  which  latter.  Table  XH.  discharges  with 
a  fall  of  18  inches  in  the  mile,  17,157  feet ;  or  about 
one  per  cent,  less  than  that  previously  found. 

Example  15. — The  diameter  of  a  very  long  pipe  is 
1 J  inch,  and  the  rate  of  inclination,  or  whole  length  of 
the  pipe  divided  by  the  whole  fall,  islinl\\\  what  is 
the  discharge  in  cvbic  feet  per  minute  ? 

The   hydraulic  mean    depth,   or  mean  radius,   is 

1'6  8 

-_.    ==   '875  inch  =  -  inch.       Consequently     from 

4  8 

Table  VIII.  the  velocity  in  inches  per  second  is  equal 

to  25-09  -  1-92  X   J^  =  25-09  -  -29  =  24-80.     The 

10 

discharge  in  cubic  feet  per  minute  for  a  l^inch  pipe 

is  now  found  most  readily  by  means  of  Table  IX.,  as 

follows : — 

Inches.  Cubic  feet. 

For  a  velocity  of    20*0    the  diflcharge  ib    1*227 
„  „  4-0         „  „  -245 

„  „  'o  ,,  „  •04» 

„  „        24-8         „  „        1-521 

Whence  the  discharge  in  cubic  feet  per  minute  is 
1-521- 
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For  short  pipes,  of  100  or  200  feet  in  length,  and 
under,  the  height  due  to  the  velocity  and  orifice  of 
entry  must  be  deducted  from  the  whole  height  to  find 
the  proper  hydraulic  inclination,  and  also  the  height 
due  to  bends,  curves,  cocks,  slides,  and  erogation. 
The  neglect  of  these  corrections  has  led  some  writers 
into  mistakes  in  appl3dng  certain  formulae,  and  in 
testing  them  by  experimental  results  obtained  with 
short  pipes.  The  Tables  shall  now  be  applied  to  the 
determination  of  the  discharge  from  short  pipes,  and 
the  results  compared  with  experiment,  referring 
generally  to  equation  (158  a)  and  the  remarks  preceding 
it  for  a  correct  and  direct  solution. 

Example  16. — WTiat  is  the  discharge  incvhicfeetper 
minute  from  a  pipe  100  feet  long,  with  a  fall  or  head  of 
35  inches  to  the  lower  end,  when  the  diameter  is  1^  inch? 
Find  also  the  discharge  from  pipes  80  feet,  60  feet,  40 
feet,  and  20  feet,  of  the  same  diameter  and  having  the 
same  head. 

If  the  water  be  admitted  by  a  stop-cock  at  the  upper 
end,  the  coefficient  due  to  the  orifice  of  entry  will 
probably  be  about  '75  or  less,  '815  being  that  for  a 
clear  entry  to  a  short  cylindrical  tube.  The  approxi- 
mate inclination  is — =  1  in  84'8 ;  but  as  a 

portion  of  the  fall  must  be  absorbed  by  the  velocity 
and  orifice  of  entry,  it  may  be  assumed  for  the  present 
that  the  inclination  is  1  in  85.     With  this  inclination 

and  the  mean  radius  -~  =  -  inch,  we  find  the  mean 

4       8 

velocity  from  Table  VIII.  to  be  88'06  inches.    Now 

when  the  coefficient  due  to  the  orifice  of  entry  and 
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velocity  is  "76,  from  Table  II.  the  head  due  to  this  velo- 
cityis  8f  inches  nearly,  whence  35 -^Sf  =  31f  =  31*625 

inches  is  the  height  due  to  friction,  and  — 

equals  1  in  87'9,  the  inclination,  very  nearly.    With 

this  new  inclination  find,  as  before,  from  Table  VIII. 

the  mean  velocity  of  discharge  which  is  now  86*35 

inches ;  and  by  repeating  the  operation  the  velocity  to 

any  degree  of  accuracy  is  found  in  accordance  with  the 

table ;  and  the  shorter  the  pipe  is,  the  oftener  must  it 

be  repeated.     The  height  due  to  86*35  inches  taken 

from  Table  II.  as  before,  with  a  coefficient  of  '750, 

is  8^  =  8*125  inches.    The  corrected  fall  due  to  the 

1200 
friction  is  now  85  —  8'126  =  81  "875,  and  -  equal 

1  in  87*6,  the  corrected  inclination.  With  this 
inclination  the  corrected  velocity  is  now  86*58  inches 
per  second.  It  is  not  necessary  to  repeat  this  operation 
again.  The  discharge  determined  from  Table  IX.  is 
as  follows : — 

Inchea.  Cabic  feet 

For  a  Telocity  of    80*00  the  discliaige  is    1'841 
„           ,,          6*00         „  „  '368 

•60         „  „  -081 

•08  „  „  002 

86-53  „  „        2-242 

The  experimental  discharge  found  by  Mr.  Provis  was 
2*264  cubic  feet  per  minute  in  one  experiment,  and 
2'285  in  another.  The  discharge  from  the  shorter 
pipes  may  be  found  in  a  similar  manner,  and  the 
results  placed  alongside  the  experimental  ones  given 
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in  the  work  referred  to  below  *  are  inserted  in  the  fol- 
lowing short  table : — 

EXP££IM£NTAL  AKB  CALCULATED  DISCHABGBR  FBOM  SHOBT  PIPES. 


& 

1 

^^ 

-s 

si 

B 

ja 

B 

^ 

i 

H 
85 

100 

80 

85 

60 

85 

40 

85 

20 

85 

r 


2-275 
2-500 
2-874 
3-504 


87  082 
40-750 
46-846 
57-115 


Is 


4-528    78-801 


Si 
8J 
5 
7i 


3 

■31 


f 


» 


81J 

31* 
80 

27i 


12*     i     224 


87-6 
80-8 
24-0 
17-5 
10-7 


1^ 
II 

3^ 


86-58 
4118 
48-02 
58-50 
78-61 


^5 


2-242 
2-521 
2-946 


8-590 
4-824 


The  velocities  in  the  fourth  coliunn  have  been  cal- 
culated by  the  author  from  the  observed  quantities 
discharged,  from  which  the  height  due  to  the  orifice 
of  entry  and  velocity  in  column  5  is  determined,  and 
thence  the  quantities  in  the  other  columns  as  above 
shown.  The  differences  between  the  experimental 
and  calculated  results  are  not  large,  and  had  a  lesser 
coefficient  thau  '760  been  used  for  calculating  the 
reduction  of  head  due  to  the  velocity,  stop-cock,  and 
orifice  of  entry,  say  '716,  the  calculated  results,  and 

*  "  Transactions  of  the  Institution  of  Civil  Engineers,"  vol.  ii. 
p.  203.  **  Experiments  on  the  Flow  of  Water  through  smaU  Pipes." 
By  W.  A.  Provis.  The  small  Tables  in  Sbctions  VI.  and  VIII.  of  this 
edition  give  at  once  the  coefficient  to  he  multiplied  by  V  2  ^  H, 
or  8  V^  to  find  the  velocity  when  the  ratio  of  the  diometer  to  the 
length  of  the  pipe  is  known.  They  will  be  found  of  great  advantage 
in  calculating  directly  the  velocity  from  short  pipes.  For  long  pipes, 
sec  the  Table  at  the  end  of  this  Section. 
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those  in  all  of  Mr.  Provis's  experiments  in  the  work 
referred  to,  would  be  nearly  identical.* 

Example  17. — It  is  proposed  to  supply  a  reservoir 
near  the  town  of  Drogheda  with  water  by  a  long  pipe^ 
having  an  inclination  of  1  in  480,  the  daily  supply  to 
be  80,000  cubic  feet ;  what  mmt  the  diameter  of  the 
pipe  be  ? 

The  discharge  per  minute  must  be  ?^  =  66  + 

cubic  feet,  nearly.  Assume  a  pipe  whose  "  mean 
radius "  is  1  inch,  or  diameter  4  inches,  and  the 
velocity  per  second  found  firom  Table  VIII.  will  be 
14*41  inches.     Then  from  Table  IX., 

Inches.  Cubic  feet 

For  a  velocity  of    10*00    a  discliarge  of    4*363 

4-00        „  „       1*745 

„  n  -40        „  „         -175 

•01        „  „         -004 


„        14*41        „  „       6*287 

The  discharge  from  a  pipe  4  inches  in  diameter  would 
be  therefore  6*287  cubic  feet  per  minute.     Then 

4« :  di : :  6*287  :  56,  or  1 :  d? : :  *196  :  56  : :  1  :  286  ; 

therefore  da  =  286,  and  d  =  9*61  inches,  nearly,  as 
may  be  found  from  Table  XIII.,  &c.  This  is  nearly 
the  required  diameter.  It  is  to  be  observed  that  the 
diameters  thus  found  will  not  always  agree   exactly 

*  In  a  late  work,  "  Researches  in  Hydraidics,"  the  author  is  led  into 
a  series  of  mistakes  as  to  the  accaracy  of  Du  Bu&t's  and  several  other 
formols,  from  neglecting  to  take  into  consideration  the  head  due  to  the 
velocity  and  orilice  of  entry  when  testing  them  by  the  experiments 
aboTe  referred  to.-^Second  Edition, 

t  "  Hydraulic  Tables,"  Weale,  1854,  give  at  once  this  discharge  for  a 
pipe  between  9  and  10  inches  in  diameter,  aUo  the  Table,  p.  28. 

0 
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mth  those  found  from  Du  Buat's  or  other  formula, 
nor  with  each  other,  because  the  discharges  are  not 

strictly  as  d  ;  but  in  practice  the  difference  is  imma- 
terial, and  the  approximative  value  thus  found  can  be 
easily  corrected.  If  a  pipe  whose  diameter  is  1,  were 
assumed,  the  operation  would  have  been  more  simple ; 
for  the  velocity  would  then  be,  Table  VIII.,  at  the 
given  inclination,  6'4  inches ;  and  the  discharge  'ITS 

cubic  feet,  Table  IX,    Hence  S  =  -^^  =  320,  and, 

•175 

therefore.  Table  XIII.,  d  =  10  inches  nearly,  which 

differs  about  half-an-inch  from  the  former  value,  9*6 

inches,  found  by  assuming  a  pipe   of   4  inches  to 

calculate  from.    It  is  necessary  to  understand  that 

different  results  must  be  expected,  in  working  from 

practical  formulae,  for   different  operations.      When 

once  an  approximate  value  is    obtained,  it  can  be 

easily  corrected  to  any  required  degree  of  accuracy. 

Again,  the  velocity  in  inches  per  second,  from  a 

cylindrical  pipe  6  inches  in  diameter,  is  nearly  equal  to 

the  discharge  in  cubic  feet  per  minute ;    and  as  6*  = 

88-2,  then  88*2  :  d  :  :  the  velocity  in  inches  per 
second  from  a  6-inch  pipe  :  the  discharge  per  minute 
from  a  pipe  whose  diameter  is  d.  Hence  this  pro- 
position gives,  very  nearly,  the  discharge  from  the 
diameter  and  fall ;  or  the  diameter  from  the  discharge 
and  fall  by  finding  the  velocity  only,  due  to  a  6-inch 
pipe.    See  Tables  pp.  28  and  29. 

Example  18. — The  area  of  a  channel  is  50  square 
feet,  and  the  border  20*6  feet ;  the  surface  has  an  in- 
clinaMon  of  4  inches  in  a  mile;  what  is  the  mean 
velocity  of  discharge  ? 
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^"  =  2-427  feet  =  29*124  inches  is  the  hydraulic 


20-6 

mean    depth ;     and    from    Table    VIII.,    12-03  — 

1-80  X  -876  .    , 
g =    12-08   —   -19   =  11-84  inches  per 

second  is  the  required  velocity.  Though  this  velocit}^ 
will  be  found  under  the  true  value  for  straight  clear 
channels,  it  will  yet  be  more  correct  for  ordinary  river 
courses,  with  bends  and  turns,  of  the  dimensions 
given,  than  the  velocity  found  from  equation  (114.), 
For  a  straight  clear  channel  of  these  dimensions, 
Watt  foimd  the  mean  velocity  to  be  18-5  to  14  inches ; 
that  is  to  say,  17  at  top,  10  at  bottom,  and  14  in  the 

middle*      The  author's  formula  v  =   140  (r  «)«  — 

11  (r  «)«  gives  v  =  1*148  feet,  or  nearly  a  mean  of 
these  two. 

Example  19. — A  pipe  5  inches  in  diameter,  14,687 
feet  in  length,  has  a  fall  of  44  feet;  what  is  the  dis- 
charge in  cubic  feet  per  minute  ? 

The  inclination  is  — y^-^  =  882*7,  and  mean  radius 

44 
g 

J  =s  1  J.     Then  find  from  Table  VIII.  the  velocity 

which  is  equal  to  1981  +  '^^^^^'^  =  19*81  +  -16 

12*5 

=  19*97,  or  20  inches  per  second  very  nearly ;  and 

by  Table  IX.  the  discharge  in  cubic  feet  per  minute 

is,  as  before  found  to  be,  18*685.     The  Table,  p.  28, 

gives,  by  inspection,  18*6  feet. 

Example  20. — What  is  the  velocity  of  discharge  from 

a  pipe  or  cvlvert  4  feet  in  diameter,  hainng  a  fall  of 

1  foot  to  a  mile  ? 

c  2 
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Here  s  = 


5280' 


and  r  =  1  foot.      Next  we  find 


the  velocity  of  discharge  from  Table  VIII.  which  is 
14*09  inches,  equal  to  1'174  feet  per  second.  By 
calculating  from  the  diflFerent  formulse  referred  to 
below,   the    velocities,    when  r  «   =  •0001894,    and 

W7  =  "OlSTB,  are  as  follows. 


Vdodtj 
infoet. 


Bcduction  of  Da  Buat's  formula equation    (81.)  1*174 

Girard*8  do.  (Canals  with  aquatic 
plants  and  very  slow  velocities) 

Prenyls  do.  (Canals) .... 

Prony's  formula  (Pipes).     .    . 

Prony's  do.  (Pipes  and  Canals) 

Eytelwein's  do.  (Rivers)      .    . 

Eytelwein's  do.  (Rivers).    .     . 

Eytelwein's  do.  (Pipes) .    .     . 

Eytelwein's  do.  (Rpes)  .     .     . 

Dr.  Young's  do 

*D*Aubuisson'8  do.  (Pipes)  .     . 
•D'Aubuisson's  (Rivers)  .    .     . 

The  writer's  do.   (Clear  straight 
Channels  with  small  velocities) 

"Weisbach's  do.  (Pipes)  .... 

The  author's,  for  Pipes  and  Rivers 


»» 


99 


99 


99 


99 


99 


99 


99 


99 


99 


99 


99 


99 


99 


99 


99 


99 


99 


99 


91 


99 


99 


99 


99 


99 


99 


(86.)     -621 

(88.)  1-201 

(90.)  1-257 

(92.)  1-229 

(94.)  1-200 

(96.)  1-285 

(98.)  1-864 

(99.)  1*350 

(104.)  1-120 

(109.)  1-259 

(111.)  1-199 


99 


(114.)  1-268 
(119.)  1-285 
(119a.)  1-296 


This  example  is  calculated  from  the  several  formulae 
above  referred  to,  whether  for  pipes  or  rivers,  in  order 
that  the  results  may  be  more  readily  compared.  The 
formula  from  which  the  velocities  and  tables  for  the 
discharges    of  rivers   are   usually   calculated   is,   for 

measures  in  feet,  v  =  94*17  \/  r  8,     This  gives  the 
mean  velocity,  for  the  foregoing  example,  equal  to 

*  These  two  formuls  of  D'Aubuisson^s  are,  simply,  adoptions  of 
Eytelwein's  and  Prony's. 
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1*295  feet  per  second.  This  is  the  same  as  is  found 
from  the  author's  general  formula  for  all  velocities ; 
but  the  particular  expression,  v  =  99*17  ^/r8yis  only 
suited  for  velocities  of  about  15  inches  per  second ; 
the  results  found  from  it  for  lesser  velocities  are  too 
much,  and  for  higher  velocities  too  little,  if  bends  and 
curves  be  allowed  for  separately.  For  ordinary  practi- 
cal purposes  the  result  of  Du  Bu&t's  general  formula, 
equation  (81),  may  be  safely  adopted;  and,  accord- 
ingly, the  results  in  Table  VIII.  calculated  for  the 
first  edition  from  it,  have  been  retained,  notwith- 
standing the  greater  accuracy  and  simplicity  of  the 
general  equation  (119  a)  for  the  velocity  in  pipes  and 

rivers,  viz.,  v  =  140  (r  s)^  —  11  (r  «)*. 

Dr.  Young's  formula  gives  lesser  results  for  rivers 
and  large  pipes  than  Du  Buat's,  but  they  are  too 
small  unless  when  the  curves  and  bends  are  numerous 
and  sudden.  Girard's  formula  (86.)  is  only  suited  for 
small  velocities  in  canals  containing  aquatic  plants, 
and  it  is  entirely  inapplicable  to  rivers  or  regular 
channels  for  conveyance  of  water.  A  knowledge  of 
various  formul®,  and  their  comparative  results,  applied 
to  any  particular  case,  will  be  found  of  great  value  to 
the  hydraulic  engineer,  and  the  differences  in  the 
results  show  only  an  amount  of  error  that  may  be 
expected  in  all  practical  operations,  and  which 
becomes  of  less  importance  when  it  is  considered  that 
by  increasing  the  dimensions  of  a  channel  every  way, 
by  only  one-third,  its  discharging  power  is  more  than 
doubled.     See  Table  Xm. 

Example   21. — Water  flowing  dawn  a  river  rises 
to  a  height  of  10^  inches  on  a  weir  62  feet  long ;  to 
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what  height  will  the  same  quantity  of  water  rise,  on 
a    weir    similarly    circumstanced,    120    feet     long  ? 

j2^=-517,  nearly. 

In  Table  X.  is  founds  by  inspection,  opposite  to 
•617,  the  ratio  of  the  lengths,  the  coefficient  '644, 
rejecting  the  fourth  place  of  decimals ;  whence  10^ 
X  •644=6'76  inches,  the  height  required.  When  the 
height  is  given  in  inches  it  is  not  necessary  to  take 
out  the  coefficient  to  further  than  two  places  of  de- 
cimals. 

Example  22. — The  head  on  a  weir  220  feet  long 
is  6  inches ;  what  wiU  the  head  be  on  a  weir  60  feet 
long,  similarly  circumstanced,  the  same  quantity  of 
water  flowing  over  each  ? 

As  this  lies  between  '27  and  '28,  from  Table  X. 

the  coefficent  '4208  is  found;   hence    —"--=14*26 

•4208 

inches,  the  head  required. 

Table  X.  will  be  found  equally  applicable  in  finding 
the  head  above  the  pass  into  weir  basins,  and  above 
contracted  water  channels.     See  Section  X. 

Example  28. — A  river  channel  40  feet  wide  and 
4'5  feet  deep  is  to  be  altered  and  widened  to  70  feet ; 
what  must  the  depth  of  the  new  channel  be  so  that  the 
surface  inclination  and  discharge  shall  remain  un- 
altered ? 

In  "  Table  XI.,  of  equally  dischabging  rectan- 
GULAB  Channels,"  opposite  to  4*54,  in  the  column  of 
40  feet  widths,  8  is  found  in  the  column  of  70  feet 
widths,  which  is  the  depth  required  in  feet. 
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Example  24. — It  is  necessary  to  unwater  a  river 
channel  70  feet  wide  and  1  foot  deep,  by  a  rectangular 
side  cut  10  feet  wide ;  what  must  the  depth  of  the  side 
cut  be,  the  surface  inclination  remaining  the  same  as  in 
the  old  channel  f 

In  Table  XI.  is  found  4'5  feet  for  the  required 
depth.  When  the  width  of  a  channel  remains  con- 
stant, the  discharge  varies  as  \Ars  X  d,  in  which 
d  is  the  depth;  and  when  the  width  is  very  large  com- 
pared with  the  depth,  the  hydraulic  mean  depth  r 
approximates  very  closely  to  the  depth  d,  and  there- 
fore d=r;  consequently  the  discharge  then  varies  as 

d*  X  ^,  and  when  the  discharge  is  given  S  must  vary 

inversely  as  «5-    or    more  generally  d'n  must    vary 

inversely,  as  S^,  when  the  width  and  discharge  remain 
constant* 

In  narrow  cuts  for  unwatering,  it  is  prudent  to 
make  the  depth  of  the  water  half  the  width  of  the 
cut  very  nearly,  when  local  circumstances  admit  of 
these  proportions ;  for  then  a  maximum  effect  will  be 
obtained  with  the  least  possible  quantity  of  excava- 
tion; but  for  rivers  and  permanent  channels  the 
proper  relation  of  the  depth  to  the  width  must  be 
r^ulated  by  the  principles  referred  to  in  Section  K. 

Table  XI.  is  equally  applicable,  whether  the  mea** 
sures  be  taken  in  feet,  yards,  or  any  other  standards 
whatever. 

Example  25. — A  new  river  channel  is  to  have  a 
faU  of  eighteen  inches  in  a  mile,  and  must  discharge 
18,700  cubic  feet  per  minute ;  what  shaU  the  dimen-^ 
sums  be  f 


24  TEE  DISCHARGE  OP  WATER  PROM 

In  Table  XU.,  in  the  column  of  18  inches  per 
mile,  opposite  to  18,766,  it  is  seen  that  a  primary 
channel  70  x  2*125  will  be  sufficient ;  and  opposite  to 
2*125  in  Table  XI.  it  is  also  seen  the  equivalent 
rectangular  channels  60  X  2-37  ;  50  x  2*70 ;  40  x 
8*19;  85x8*52;  80x8*96;  25x4*61;  20x5*68; 
15x7*29;  and  10x11*87,  to  select  from.  If  the 
side  have  any  given  slopes,  the  discharge  will  not  be 
practically  affected  as  long  as  the  depth  and  area  of 
the  rectangular  channel  and  the  one  with  sloping 
banks  remain  the  same.     See  Section  IX. 

Example  26. — A  pipe  100  feet  long  and  1  inch  in 
diameter  has  a  head  of  150  feet  over  the  lower  end, 
what  tviU  be  the  discharging  velocity  ? 

Here  r=*020888  in  feet,  aad  «=1*5,  therefore 
r«= •08126.    Hence    by  formute    (119a)    t;=140x 

(•08125)*-llx (08125)^=140  x  *1766  -  11  x  '815 
=  24*724  —  8*466  =  21*269  feet  per  second.  If 
allowance  is  required  for  the  orifice  of  entry,  the 
velocity  is  corrected  as  follows.  A  square  orifice  of 
entry  has  a  coefficient  of  *816.  The  head  due  to  this 
coefficient  for  a  velocity  of  about  20^  feet,  or  246 
inches,  is  about  10  feet,  Table  II. — The  head  due  to 
friction    is    therefore    160—10  =  140    feet,   and    s 

inn 

=f^=l-4;  r«  now  becomes  1*4  x  *020888 ='02917. 
140 

Hence  v= 140  Vr  8  ""H  y/  r  s  ^^^  becomes  140  x 
•171-11 X -808  nearly,  equal  to  28*940-8*888  = 
20*662  feet,  the  velocity  for  a  square  junction. 

Example  27. — A  sewer  9  feet  in  diameter  has  a 
fall  of  2  feet  per  mile,  what  will  be  the  velocity  and 
discharge  of  water  flowing  through  it  when  full  ? 
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Here  r=2'25  and«=2^,  therefore  r«=-0008523, 

(r«)i  = -02919   and   (r«)i='0948;    and  by  formula 

(119A),i;=l40(r«)5-ll(r«)*=  140  X  -02919-11  X 
•0948=  4-0866  -  1-0428  =  8-0488  feet  per  second. 
Hence  the  discharge  per  minute  is  9*  X  '7854  x 
3-0488  X  60=68-62  x  182-6  =  11,617  cubic  feet 
nearly.  The  velocity  from  a  circular  pipe  or  sewer 
is  however  greatest  when  the  circumference  is  open 
for  about  78^  degrees  at  the  top,  but  the  velocity 
of  sewage  matter  would  not  be  equal  to  that  of 
water.  It  would  vary  according  to  the  dilution  in  the 
sewer,  and  50  per  cent,  should  be  allowed,  at  least, 
in  deduction,  unless  the  dilution  be  very  consi- 
derable. 

The  Table  for  the  values  of  r  «  and  r,  calculated 
from  the  formula  (119  a)  Sec.  VIII.,  will  give  the 
velocity  at  once  when  r  s  is  known,  and  r  8  when 
the  velocity  is  known,  from  the  latter  of  which  a 
definite  value  of  r  or  s  can  be  fixed  upon,  when  the 
other  may  be  then  found,  by  an  operation  of  simple 
division. 

Example  28. — Water  is  to  be  pumped  through  a 
pipe  SOOO  feet  long  and  2  feet  in  diametery  with 
a  velocity  not  exceeding  4  feet  per  second,  what  head 
must  be  allowed  extra  for  friction  in  the  pipe  when 
calculating  horse  power  ? 

From  the  Table  of  the  values  of  the  velocity  and 
products  of  the  hydraulic  mean  depth  and  hydraulic 
inclination,  given  near  the  conclusion  of  Section  VIII., 
that  for  a  velocity  of  4  feet  per  second  r«= -00142. 
The  diameter  of  the  pipe  is  2  feet,  therefore  r='5. 
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whence  «= '-52^ =-00284,  and  as  the  length  of  the 

pipe  is  8000  feet  we  get  3000  X  -00284  =  8-52  feet, 
the  head  required.  The  Table  p.  29,  would  give  9*6 
feet  nearly,  which  corresponds  with  Du  Bu&t's  for- 
mula. If  the  velocity  in  the  pipe  were  10  feet  instead 
of  4  feet  per   second,  then  from    the    table,   r  s  = 

•007576,    and   ^-i=,  = '^0-7^=. 015152,  and  there- 

T  'O 

fore,  h=l6=S000  x  -016152  =45-456  feet,  or  about 
six  times  as  much  as  when  the  velocity  was  only  4 
feet  per  second.  The  great  loss  of  head  arising  from 
pumping  at  high  velocities,  from  friction  alone,  is 
therefore  apparent.  Were  the  velocity  double,  or  8 
feet  per  second,  the  head  would  be  80  feet  nearly,  or 
from  the  Table,  p.  29,  81-6  feet. 

For  velocities  of  about  2*1  feet  per  second,  v.  is 
equal  to  100  ^/'rJ,  and  for  velocities  of  about  5  J  feet 
per  second,  v  =  110  VTT.  If  I  be  the  length  of  a 
pipe,  it  would  be  found  in  the  former  case  that  the 
head,   h,  in  feet  due  to  friction  from  the  formula  is 

^'  =  Wm^r  =  ^ "'  ^^  ^  ^^^  1^**^^  ^  =  I2;i00^ 
=  Z «. 

In  questions  of  this  kind,  however,  the  diameter  of 
a  pipe,  d  should  be  used  in  preference  to  the  hydraulic 
mean  depth,  and  as  d  =  4  r  it  will  be  found  in  the 

iirst  case  that  h  =    o^qq  j  ^  1 8 ;  and  in  the  second 

case,  it  -  g^gg  d~  ^^' 

If  it  be  necessary  to  substitute  the  fall  per  mile  for 
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the  hydraulic  inclination^  the  first  of  these  will  again 

2*11 1?^ 
become  h  =    — -j —  =  Z  «  for  the  loss  per  mile  ;  and 

1*72  f^ 
in  the  second  case,  h  =   — ^ —    =  Z «  for  the  loss  per 

mile  in  feet. 

If  the  velocity  were  so  slow  as  about  1  foot  per 

second,  then  v  =  90  V  r  «,  and  we  should  find  h  = 

2025  d  ~  ^  *• 

If  for  the  inclination  the  fall  per  mile  be  substituted, 

2*61  v^ 
this  will  become  h  =  — j —  =  I  g ;  for  the  loss  per 

mile  in  feet. 

The  loss  of  head  varies  in  the  same  pipe  with  the 
velocity,  and  must  be  calculated  differently,  for  small 
and  for  high  velocities,  when  using  the  common  for- 
mulae. The  Table  near  the  end  of  Section  VIII. 
will  always  give  the  correct  value  of  r  8,  and  thence  8 


• 


In  addition  to  the  loss  of  head  arising  from  Mction, 
losses  also  occur  from  straight  or  curved  bends,  from 
diaphragms,  from  junctions,  and  from  the  orifices  of 
entry  and  discharge;  these  mu^t  be  determined 
separately  for  each  case,  as  is  shown  hereafter,  and 
added  together,  including  the  loss  of  head  arising  from 
friction.  The  sum  must  then  be  added  to  the  height 
the  water  is  to  be  raised,  before  the  full  or  total  head 
for  determining  the  power  of  an  engine  can  be  accu- 
rately knqwn. 

The  Table  on  the  two  following  pages  will  be  found 
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of  great  practical  utility  in  solving  all  questions  con- 
nected with  water-pipes  and  sewers  discharging  fully- 
diluted  sewage.  In  using  it,  interpolate,  by  inspection, 
for  intermediate  diameters  or  inclinations.  For  greater 
diameters,  divide  those  given  by  4,  and  multiply  the 
corresponding  velocity  found  in  the  table  by  2,  and 
the  corresponding  discharge  in  the  table  by  82.  If 
the  object  be  to  find  the  size  of  the  channel,  divide 
greater  given  velocities  by  2,  and  multiply  the  diameters 
or  inclinations  found  from  the  table  by  4 ;  also  divide 
greater  discharges  by  82,  and  multiply  the  diameters 
found  from  the  table  by  4.  The  small  auxiliary  table, 
p.  29,  embodied  in  the  larger  one,  is  of  great  use  in 
making  allowance  for  the  velocity  and  orifice  of  entry 
in  short  pipes,  before  finding  the  head  due  to  friction. 
The  table  also  gives  the  different  diameters  and  incli- 
nations which,  taken  together,  give  the  same  velocity 
or  discharge ;  and  it  enables,  from  inspection,  to 
select  that  relation  of  diameter  to  declivity  which  is 
best  suited  for  other  engineering  aspects  of  the  ques- 
tion. Taken  in  connexion  with  Tables  VIII.,  XI., 
XII.,  and  XIII.,  this  table  completes  the  means  of 
finding,  by  inspection,  the  dimensions,  inclinations, 
velocities,  and  discharges  of  every  class  of  water- 
channel  or  sewage-conduit  required  in  engineering 
practice. 

Table  XTV.  gives  the  comparative  values  of  English 
and  French  measures;  and  Table  XV.  gives  the 
weight,  specific  gravity,  and  ultimate  strength  and 
elasticity  of  various  materials  with  which  the  engineer 
has  to  operate. 
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SECTION  IL 

FOBMUL^    FOR    THE    VELOCITY,   AND    DISCHABGE,   FROM 

ORIFICES,  WEIRS,  AND  NOTCHES. COEFFICIENTS   OF 

VELOCITY,    CONTRACTION     AND    DISCHARGE. — ^PRAC- 
TICAL REMARKS  ON  THE  USE  OF  THE  FORMULA. 

The  quantity  of  water  discharged  in  a  given  time 
through  an  aperture  of  a  given  area  in  the  side  or 
bottom  of  a  vessel,  is  modified  by  different  circmn- 
stances,  and  varies  more  or  less  with  the  form,  posi- 
tion, and  depth  of  the  orifice ;  but  the  discharge  may 
be  easily  found,  when  the  velocity  and  the  contraction 
of  the  fluid  vein  has  been  determined. 

VELOCITY. 

If  ^  be  the  velocity  acquired  by  a  heavy  body  falling 
from  a  state  of  rest  for  one  second,  in  vacuo,  then 
it  has  been  shown  by  writers  on  mechanics,  that  the 
velocity  v  per  second  acquired  by  falling  from  a  height 
h,  will  be 

(1.)  V  =  V  2gh. 

The  numerical  value  of  g  varies  with  the  latitude; 
then  it  shall  be  assumed  that  2  g  =  772*84  inches 
=  64*408  feet.    These  will  give  for  measures  in  inches, 

V  =  27-8  V  A,»  and  A  =  772^  =  •001298t?«, 

and  for  measures  in  feet, 

*  The  Telocities  for  different  heights  are  giveii  in  ooliinm  number  1, 
TakjiIL 
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V  =  8-02S  VA,  and  ft  =  q^^  =  -01553  vK 
If  V  be  in  feet,  and  ft  in  inches,  then 

V  =  2-317  ^/T,mdh  =  ~^  =  -1864  «».• 

COEFFICIENT   OP  VELOdTY. 

Let  the  vesBel  a  b  c  n,  Fig.  1,  be  filled  with  water 
to  the  level  e  f  :  then  it  has  been  found,  by  experi- 


ment, that  the  Telocity  of  discharge  through  a  small 
orifice  o,  in  a  thin  plate,  at  the  distance  of  half  the 
diameter  outside  it,  in  the  vena-contracta,  will  be  very 
nearly  that  due  to  a  heavy  body  falling  freely  from  the 
height  ft,  of  the  surface  of  the  water  e  f,  above  the 


*  The  force  of  grarity  increases  nith  tlie  latitude,  and  daorewes 
vnth  the  altitude  above  the  level  of  the  sea,  but  not  to  anf  consider- 
oble  eitc&L     If  X  bo  the  latitude,  and  h  the  altitude,  in  feet,  above 
the  m^aa  sea  level,  then  it  may  be  generally  taken  that 
3  =  32-17  (1  —  -0029  008  2X)  X    ^1  _?i\ 
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centre  of   the   orifice.      The  velocity  of   discharge 

determined  by  the  equation  v  =  \/2  g  h,  for  falling 
bodies^  is,  therefore,  called  the  **  theoretical  velocity.^* 
If  Td  be  now  put  for  the  actuaLmean  velocity  of  dis- 
charge in  the  vena-contracta,  and  c^  for  its  ratio  to 
the  theoretical  velocity  v,  we  shall  get  r^  z=:  c^v;  and 

by  substituting  for  v,  its  value  Vifi  g  /?, 

(2.)  Vd  =  c^  y/Tfh, 

c^  is  termed  "  the  coefficient  of  velocity  ;^*  its  numerical 
value,  at  about  half  the  diameter  from  the  orifice,  is 
about  '974 ;  and,  consequently, 

Vd  =  -974  V2gh. 
This  for  measures  in  inches  becomes 

Va  =  27-077  VA,* 
and  for  measures  in  feet 

rd  =  7-816  VhT 
The  orifice  o,  is  termed  an  horizontal  orifice  in  Fig.  1, 

$  The  velocities  for  different  heights  calculated  from  this  formulffi 
are  glren  in  the  colnmn  numbered  2,  Table  II.  It  has  been  latterly 
asserted  in  a  Blue  Book  that  theoretically  ««  »  )  '^Ygh.  It  is  not 
neceasaiy  here  to  combat  this  error,  which  confounds  the  discharge 
with  its  velocity,  and  a  single  practical  fact,  applicable  only  to  a  thin 
plate,  with  a  theoretical  principle.  The  experimental  discharge  ap- 
proximates to  }  ^TTgh  multiplied  by  the  area  of  the  orifice ;  but  the 
theoretical  velocity  'sj  %gh  alwttya  approximates  to  the  experimental 
velocity,  or  •974  V  2  j^  A,  obtained  immediately  outside  the  orifice  in 
the  vena-contrada^  It  would  be  unnecessary  to  allude  to  this  theory 
here  if  it  were  not  supported  and  put  forward  by  three  engineers  whose 
authority  in  practical  questions  may  mislead  others.  Vide  p.  4  of 
*'  Brief  observations  of  Messrs.  Bidder^  IfaioksUy,  and  BascUgette  on 
the  answers  of  the  OovemmetU  Refereee  on  the  Metropolitan  Main 
Dkaikaob^  ordered  by  the  House  of  Commons  to  be  printed  18th  July, 
1858." 


•.  .   \r 
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and  in  Fig.  2  a  vertical  or  lateral  orifice.  When 
small,  each  is  found  to  have  practically  the  same 
velocity  of  discharge,  when  the  centres  of  the  con- 
tracted sections  are  at  the  same  depth,  %,  below  the 
surface ;  but  when  lateral  orifices  are  large,  or  rather 
deep,  the  velocity  at  the  centre  is  not,  even  prac- 
tically, the  mean  velocity;  and  in  thick  plates  and 
modified  forms  of  adjutage,  the  mean  velocities  are 
foind  to  vary. 

VENA-CONTRACTA  AND   CONTRACTION, 

It  has  been  found  that  the  diameter  of  a  column 
issuing  from  a  circular  orifice  in  a  thin  plate,  is  con- 
tracted to  very  nearly  eight-tenths  of  the  whole 
diameter  at  the  distance  of  the  radius  from  it,  and 
that  at  this  distance  the  contraction  is  greatest.  The 
ratio  of  the  diameter  of  the  orifice  to  that  of  the  con- 
tracted vein,  verui'Contracta,  is  not  always  found 
constant  by  the  same  or  different  experimentalists. 
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Bayer*s  value  for  the  contraction  has  been  deter- 
mined on  the  hypothesis,  that  the  velocities  of  the 
particles  of  water  as  they  approach  the  orifice  from 
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all  &ides,  are  inveraely  as  the  squares  of  their  distances 
from  its  centre ;  and  the  calculations  made  of  the 
dischai^e  from  circular,  square,  and  rectangular 
orifices,  on  this  hypothesis,  coincide  pretty  closely 
with  experiments. 

APPBOXmATE    FORM    OF    THE    CONTRACTED    VEIN. 

Let  OR  =  d.  Fig.  3,  be  the  diameter  of  an  orifice ; 
then  at  the  distance  s  i  —  ~  the  contraction  is  found 

to  be  greatest ;  assuming  that  the  contracted  diameter 
1}  r  =  '7854  d.  Suppose  the  fluid  column  between 
o  B  and  o  r  to  be  so  reduced,  that  the  curve  lines  b  t 
and  o  0  shall  become  arcs  of  circles,  then  it  is  easy  to 
show  from  the  pro- 
I>erties  of  the  circle, 
that  the  radius  c  r 
must  be  equal  to 
1-22  d.  The  mean 
velocity  in  the  ori- 
fice, o  B,  is  to  that 
in  the  vena-con- 
traeta,  o  r,  as  "617  : 

1 ;  and  the  mouth  piece,  b  r  o  o,  Fig.  4,  in  which 
o  y  =  i  o  R,  and  or  =  •7864  x  o  r,  will  give  for  the 
velocity  of  discharge  at  o  r,  the  vena-eoniracta, 

t-d  =  -974  V  27a  =  7-816  Vw^ 
in  feet  very  nearly.*  In  speaking  of  the  veloci^  of 
■  Correct]?  the  cnives  Oo  and  Rr  should  periiapa  hare  the  line  OR 
coBtinned,  foi  tbcii  conunon  tangent.  No  practically  useful  lesult 
woold,  however,  follow  from  a  more  vxaiAto  coturtniction  than  ia  here 
giren.  Running  a  Gle  round  the  arria  0,  R,  will  effect  the  object  better 
than  a  oouplez  conatruction. 

D  3 
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P  o 


discharge   from   orifices  in    thin   plates,   we    always 

assume  it  to  be  the 
velocity  in  the  vena" 
contracta,  and  not 
that  in  the  orifice 
itself,  which  varies 
with  the  coefficient 
of   discharge,    un- 


less in   Table  II,,  where  the  mean  velocity  in  the 
latter,  as  representing  c^  V  2  g  h,  is  also  given. 


COEFFICIENTS    OP    CONTRACTION   AND    OP   DISCHARGE. 

Put  A  for  the  area  of  the  orifice  o  r.  Fig.  8,  and 
Ce  X  A  for  that  of  the  contracted  section  at  o  r,  then  c^ 
is  called  the  "coefficient  of  contraction^*     The  velocity 

of  discharge  t?d  is  equal  to  Cy  \/  2  g  h,  equation  (2). 
Multiply  this  by  the  area  of  the  contracted  section 
Ce  X  A,  and  there  is  found  for  the  discharge 

D  =  c^  X  Cc  X  A  V  2  g  h. 

It  is  evident  a  V  2gh  would  be  the  discharge  if  there 
were  no  contraction  and  no  change  of  velocity  due  to 
the  height,  h;  c^  x  c^  i&  therefore  equal  to  the  co- 
efficient of  discharge.  Gall  the  latter  Cd,  and  there 
results  the  equation 

(8.)  c    =  Cy  X  Cof 

and  hence  the  "  coefficient  of  discharge "  is  equal 
to  the  product  of  the  coefficients  of  velocity  and  con^ 
traction* 

The  expression  c^ c^  ^/  2g  h  =  c^  \/  2g  h  repre* 
sents  the  mean  velocity  in  the  orifice;  the  coefficient 
for  this  is,  therefore,  equal  to  (*d.    The  values  of  the 
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velocity   c^  V  2  ^  A,   for  different  heights  and  co- 
efficients, are  given  in  Table  II.    • 

In  the  foregoing  expression  for  the  discharge  d,  h 
must  be  so  taken,  that  the  velocity  at  that  depth  shall 
be  the  mean  velocity  in  the  orifice  a.  In  full  'prismatic 
tubes  the  coefficients  of  velocity  and  discharge  are  equal 
to  each  other. 


MEAN  AND  CENTRAL  VELOCrTY. 

In  order  to  find  the  mean  velocity  of  discharge 

from  an  orifice,  it  is,  in  the  first  instance,  necessary 

to  determine  the  velocity  due  to  each  point  in  its 

surface,  and  the  discharge  itself;    after  which,  the 

mean  velocity  is  found  by  simply  dividing  the  area  of 

the  orifice  into  the  discharge.    The  velocity  due  to 

the  height  of  water  at  the  centre  of  a  circular,  square, 

or  rectangular  orifice,  is  not  strictly  the  mean  velocity, 

nor  is  the  latter  in  these,  or  other  figures,  that  at  the 

centre  of  gravity.    When,  however,  an  orifice  is  small 

in  proportion  to  its  depth  in  the  water,  the  velocity 

of  efflux  determined  for  the  centre  approaches  very 

closely  to  the  mean  velocity ;  and,  indeed,  at  depths 

exceeding  four  times  the  depth  of  the  orifice,  the  error 

in  assuming  the  mean  velocity  to  be  that  at  the  centre 

of  the  orifice  is  so  small  as  to  be  of  little  or  no  prac* 

tical  consequence,   and    for  lesser  depths   it  never 

exceeds  six  per  cent.    It  is,  therefore,  for  greater 

simplicity,  the  practice  to  determine  the  velocity  from 

the  depth  h  of  the  centre  of  the  orifice,  unless  in  weirs 

or  notches;    and  the  coefficients  of  discharge  and 

velocity  in  the  following  pages  have  been  calculated 
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from  experiments  on  this  assumption,  unless  it  shall 
be  otherwise  stated, 

DISCHARGES    THROUGH    ORIFICES    OP    DIFFERENT  FORMS 

IN    THIN   PLATES. 

The  orifices  which  the  engineer  has  to  deal  with  in 
practice  are  square,  rectangular,  or  circular;  and 
sometimes,  perhaps,  triangular  or  quadrangular  in 
form.  It  will  be  necessary  to  give  here  only  the 
theoretical  expressions  for  the  discharge  and  velocity 
for  each  kind  of  form,  but  as  the  demonstrations  are 
unsuited  to  the  purposes  of  this  work  they  shall  be 
omitted. 


TRAPEZOIDAL    ORIFICES  WITH    TWO   HORIZONTAL    SIDES. 

Put  d  for  the  vertical  depth  of  an  orifice,  h^  for  the 
altitude  of  pressure  at  top,  above  the  upper  side,  and 
h^  for  the  altitude  at  bottom,  above  the  lower  side, 
then 

h\i  -^  h%  =^  d^ 


Fig.  5 


Let  also  the  top  or  upper  side  of  the  orifice  a  or  c. 
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Fig.  6,  be  represented  by  l^,  and  the  lower  or  bottom 

side  by  i^,  and  put  ^—^ —  =  I* 

N0W9  when  Zk  =  ^,  the  trapezoid  becomes  a  paral- 
lelogram whose  length  is  I  and  depth  d ;  and  putting 
h  for  the  depth  to  the  centre  of  gravity^  there  exists 

the  equation 

d  d 

At  +  2  ~  ^b  —  2  "  *• 

The  general  expression  for  the  discharge,  d,  through 
a  trapezoidal  orifice,  a,  is  then 

(4.)   D  =  c,V27x|{z,A|-i,At+|(I»-Z,)^!^}' 

in  which  c^  is  the  coefficient  of  discharge ;  and  when 
the  smaller  side  is  uppermost  as  at  c, 

(5.)  D  =  c,  V27  X  ||V4  -  Uh.\  -  |(i,_g?l^J. 

PARALLELOGBAMIO  AND  RECTANGULAB  ORIFICES. 

When  \  =  1^  =  I,  the  orifice  becomes  a  parallelo- 
gram,  or  a  rectangle,  b,  and  then  the  discharge  is 

(6.)  D  =  ca  V27  X  iHhi  -  h\\. 

NOTCHES. 

When  the  upper  sides  of  the  orifices  a,  b,  and  c, 
rise  to  the  surface  as  at  a^,  Bq,  and  Co,  h^  becomes 
nothing,  and  then,  as  A^  =  (2,  for  the  trapezoidal 
notch  Ao  with  the  larger  side  up, 

(7.)    i>  =  C4V27x  id*{Zb+'j(^-W} 
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Also  for  the  trapezoidal  notch,  Co,  with  the  smaller 
side  up, 

(8.)    D  =  CdV27x|(P|Zd-yab-«} 

which  is  the  same  in  form,  but  not  in  value,  as  the 
preceding  equation.  And  for  a  parallelogramic  or 
rectangular  notch  Bq, 

(9.)         D=:<rdV2^  X  \l^=\c^lJP\/~^. 

Jt  is  easy  to  perceive  that  the  forms  of  equations  (4) 
and  (6),  and  also  of  equations  (7)  and  (8),  are  iden- 
tical. ^  The  values  for  the  discharge  in  equations  (6) 
and  (9)  are  equally  applicable,  whether  the  form  of 
the  orifice  be  a  parallelogram  or  a  rectangle,  the  only 
difference  being  in  the  value  of  the  coefficient  of 
discharge,  c^,  which  becomes  only  slightly  modified 
for  any  form  of  orifice,  and  may  be  taken  at  '617  when 
it  is  in  a  thin  plate  for  each. 

TRIANGULAR  ORIFICES  WITH  HORIZONTAL  BASES,  AND 
RECTILINEAIj  ORIFICES   IN   GENERAL. 

When  the  length  of  the  lower  side,  Zi>  =  0,  the 
orifice  becomes  a  triangle,  d.  Fig.  6,  with  the  base 
upwards. 
In  this  case,  equation  (4)  becomes 


(10.)     D  =  Cd\^X  ?LlAl 


//b-ftf-4; 


which  gives    the    discharge  through    the  triangular 
orifice,  D. 
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When  Zfc  =  0,  in  equation  (o),  the  orifice  becomes  a 
triangle,  p,  with  the  base  downwards;  in  this  case, 
the  value  of  the  discharge  is 


(11.)     D  =  Cd  VT^  X  \  I, 


b- 


a 


X.5  '  *l  "■  H 


(i 


As  any  triangular  orifice  whatever  can  be  divided 
into  two  others  by  a  line  of  division  through  one  of 
the  angles  parallel  to  the  horizon;  and  as  the  dis- 
charge fi*om  the  triangular  orifice  d  or  f  is  the  same 
as  for  any  other  on  the  same  base  and  between  the 
same  parallels^  by  such  a  division,  the  discharge  from 


any  triangle  not  having  one  side  parallel  to  the 
horizon  can  easily  be  found,  and  thence  the  discharge 
from  any  rectilineal  figure  whatever  by  dividing  it 
into  triangles. 

If  the  triangle  f  be  raised  so  that  the  base  shall  be 
on  the  same  level  with  the  upper  side  of  the  trian- 
gular orifice  d  ;  if,  also,  the  bases  be  equal,  and  also 
the  depths,  by  adding  equations  (10)  and  (11),  and 
making  the  necessary  changes  indicated  by  the  diagram, 
there  is  found 
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(12.)  D  =  fW27x-^{4+/4-2x/;;:Mi^} 

for  the  discharge  from  a  parallelogram  e  with  one 
diagonal  horizontal.  Now  this  is  the  same  as  the 
discharge  from  any  quadrilateral  figiirej  whatever, 
having  the  same  horizontal  diagonal,  and  also  having 
the  upper  and  lower  angles  on  the  same  parallels,  or 
at  the  same  depths,  as  those  of  the  parallelogram.  If 
the  orifices  d,  f,  and  e  rise  to  the  surface  of  the  water, 
as  at  Do,  Eo,  Fo,  then  for  the  discharge  from  the  notch 
Do  there  results 

(18.)  D  =  Cd\/'27  X  ^M^> 

which  for  a  right  angled  triangle  becomes 

For  the  discharge  from  the  notch  f©, 
(14.)  D  =  Cd  \/"27  X  ^  ?b  d   : 

*  In  the  Civil  Engineer  and  Architects'  Jonmal,  1858,  p.  370,  it  i^f 
stated  that  Professor  Thomson,  now  of  the  University  of^Glai^ow, 
gave  at  the  British  Association  in  Leeds  for  a  right  angled  triangle,  for 
discharges  of  from  2  to  10  cubic  feet  per  minute,  the  expression  Q  » 

*317  Hs,  in  which  q  is  the  quantity  in  cubic  feet  per  minute,  and  H 
the  head  in  inches.    Now  the  above  equation  for  a  coefficient  of  '617 

becomes,  for  inch  measures,  d  »  17*153  x  A^I  :s  9*15 (ft;  or  by 
multiplying  by  60,  and  dividing  by  1728,  to  reduce  the  disclxarge  to 

feet  per  minute,  d  b  '317  (i^,  identically  the  same  as  Professor  Thom- 
son derived  from  his  experiments.  All  sections  of  a  triangular  notch 
are  similar  triangles,  and  hence  the  advantage  of  a  triangular-notch- 
gauge,  where  it  can  be  used,  as,  probably,  the  coefficient  remains  con- 
stant throughout.  Professor  Thomson  first  drew  attention  to  this. 
But  the  coefficient  '617  gives  practically  correct  results  for  all  fornin 
of  orifices  in  thin  platet^ 
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and  for  the  discharge  through  the  notch  Eo, 

(15.)  D  =  Cd  \/2^x  ^{h\  -  2^}  =  Cd  V27x-9762Zdi. 

When  the  parallelogram  e©  becomes  a  square  Z  =  2  cf , 
and  hence^ 

(16.)  D  =  Cd  V%  X  •9752Zi  X  Vi=Cd  \/^  x  -84478 1^ 
The  foregoing  equations  enables  the  engineer  to 
find  an  expression  for  the  discharge  from  any  recti- 
Uneal  orifice  whatever;  as  it  can  be  divided  into 
triangles,  the  discharge  from  each  of  which  can  be 
determined  as  akeady  shown  in  the  remark  foUowing 
equation  (11.)  The  examples  which  are  given  will  be 
found  to  comprehend  every  form  of  rectilineal  orifice 
which  occurs  in  practice ;  but  for  the  greater  number 
of  orifices,  sunk  to  any  depth  below  the  surface,  the 
discharge  will  be  found  with  sufficient  accm*acy  by 
multiplying  the  area  by  the  velocity  due  to  the 
centre  of  gravity, 

CmCULAB  AND  SEMICIRCnLAB  ORIFICES. 

The  discharge  through  circular  and  semicircular 
orifices  in  thin  plates  can  only  be  represented  by 


means  of  infinite  series.     Bepresent  by  Si  the  sum 
of  the  series 
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Also  represent  by  82  the  sum  of  the  series 

3H16  l\2  *  3//i"^Va  *  4  ■   eA'  ■   6/ft' 

^\2      4      6      8     10/\S      5      7/fe6 

then  the  discharge  from  the  semicircle  g,  Fig.  7,  with 
the  diameter  upwards  and  horizontal,  is 

(17.)        D  =  Cd  V~2~gh  X  8-1416  r« («i  +  s^). 

And  the  discharge  from  the  semicircle  i,  with  the 

diameter  downwards  and  horizontal  ia, 

(18.)        D  =  Cd  \/T7A  X  8-1416  f^  (81  -  S2). 

If  A  be  put  for  the  area^  then  also  for  the  discharge 

from  a  circle  h, 

(19.)  D  =  c^  \/  2  g  h  X  2  A  «i. 

In  each,  of  these  three  equations  (17),  (IS),  and  (19), 
h  is  the  depth  of  the  centre  of  the  circumference 
below  the  surface,  and  r  the  radius. 

When  the  orifices  rise  to  the  surface,  then  for  the 
discharge  from  a  semicircular  notch  Oq,  with  the 
diameter  horizontal  and  at  the  surface, 

(20.)  D  =  Cd  V2gr  x  -9686 1^=0^  y/2gr  x  -6103  a  ; 
when  the  circumference  of  the  semicircle  is  at  the 
surface,  and  the  diameter  horizontal,  as  at  i^, 

(21.)  D=ca\/2gr  x  ^(\/i28-7)r2=CdV2^x -7324  a; 

when  the  horizontal  diameter  of  the  semicircle  is 
uppermost,  and  at  the  depth  r  below  the  surface, 

(22.)  D  =Cd  VigFx  1-8667 r«  =  c^  V2grx  1-1884  a  ; 
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and  when  the  circumference  of  the  entire  circle  is  at 
the  surface,  as  at  Ho, 

(28.)  D=CdV27rx8-0171r2=iCdV27r  X  •9604  a, 

If  it  be  desirable  to  reduce  equations  (20),  (21),  and 
(22),  to  others  in  which  the  depth  h  of  the  centre  of 
gravity  from  the  surface  is  contained,  it  is  only  neces- 

sary  to  substitute  for  r  in  equation  (20),  and 

then  the  discharge  from  a  semicircle  with  the  diameter 

at  the  surface  is 

(24.)  D  =  Cd  V2^fc  X  -0367  a. 

Also,  by  substituting  for  r  in  equation  (21), 

the  discharge  from  a  semicircle  when  the  circum- 
ference is  at  the  surface  and  the  diameter  horizontal 
is 

(25.)  D  =  Cd  \/2flf  A  X  -9653  a ; 

and  when  the  horizontal  diameter  is  uppermost,  and 

at  the  depth  r  below  the  surface  r  =    ^  ^^^ ,    and 
^  1*4244 

(26.)  D  =  Cd  V2gh  x  '9957  a. 

As  A  stands  for  the  area  of  the  particular  orifice  in 
each  of  the  preceding  expressions  for  the  discharge,  it 
must  be  taken  of  double  the  value,  in  equation  (23) 
for  instance,  where  it  stands  for  the  area  of  a  circle, 
that  it  is  in  equations  (20),  (21),  or  (23),  where  it 
represents  only  the  area  of  a  semicircle. 

DIFFERENCE   OP   "MEAN  VELOCITIES^*      HOW  MUCH. 

The  mean  velocity  is  easily  found  by  dividing  the 
area  into  the  discharge   per  second  given    in   the 
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preceding  equations.  For  instance,  the  mean  velocity 
in  the  example  represented  in  equation  (9)^  is  equal 

3"  Cd  ^/  2  g  d,  which  is  had  by  dividing  the  area  I  d 
into  the  discharge ;  and  in  like  manner  the  mean 
velocity  in  equation  (23)  is  '9604  c^  V  2gr.  The 
velocity  at  the  centre  of  an  orifice  is  that  generally 
taken  by  practical  men.  This  diiOfers  very  little  from 
the  other  five  circular  and  rectangular  forms.  Even 
for  notches  at  the  surface  it  is  only  in  excess  by  from 
four  to  six  per  cent. 

PRACTICAL  REMARKS  ON  THE  DISCHARGE  FROM  CIRCULAR 

ORIFICES. 

It  has  been  shown,  equation  (19),  that,   for   the 
discharge  from  a  circle,  we  have 

D  =  Cd  V  2gh  X  2  A  «i, 
in  which  h  is  the  depth  of  the  centre,  a  the  area, 
and  «i  the  sum  of  the  series 

and  it  has  also  been  shown,  equation  (23),  that,  when 
the  circumference  touches  the  surface,  this  value 
becomes 

D  =  Cd  V  2gr  X  -9604  a. 
Now  when  h  is  very  large  compared  with  r,  it  is  easy 
to  perceive  that  2  ^1  =  1,  and  hence 

(27.)  D  =  Cd  V  2g  h  X  A. 

As  this  is  the  formula  commonly  used  for  finding  the 
discharge,  it  is  clear,  if  the  coefficient  ^d  remain  con- 
stant, that  the  result  obtained  from  it  for  d  would  be 
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too  large.  The  diflFerences,  however,  for  depths 
greater  than  three  times  the  diameter,  or  6r,  are 
practically  of  no  importance ;  for,  by  calculating  the 
values  of  the  discharge  at  diflFerent  depths,  it  is  found, 
when 

fh  =  r,   that  d  =  ca  ^  2gh  X  '960  a  ; 
h  =  -^%  ,,    D  =  Cd  \/2~g7i  X  -978  a; 

4 

h=  —,  ,,    D  =  Cd  Vlig  h  X  -985  a  ; 


(28.) 


h=  2%  ,,    i>  =  c^V2ghx  -989  a  ; 

/i  =  2  r,  „  J>  =  c^  's/'2Yh  X  -992  a ; 

/i  =  8  r,  „  D  =  Td  V^^T  X  -996  a; 

h  =  ir,  J,  D  =  Td  V2g~h  x  '998  a ; 

h  =  Sr,  ,y  D  =  Cd  V2gh  X  '9987  a; 

i  fc  =  6  r,  „  D  =  Cd  V^2yfe  X  -9991  a. 

These  results  show  very  clearly  that,  for  circular 
orifices,  the  common  expression  for  the  discharge 
Cd  V  2^  ft  X  A  is  abundantly  correct  for  all  depths 
exceeding  three  times  the  diameter,  and  that  for  lesser 
depths  the  extreme  error  cannot  exceed  four  per  cent, 
in  reduction  of  the  quantity  found  by  this  formula. 
Hereafter,  when  discussing  the  value  of  c^,  it  will  be 
shown  that  from  the  sinking  of  the  surface,  and  perhaps 
other  causes,  the  discharge  at  lesser  depths  is  even 

larger  than  that  exhibited  by  the  expression  c^  V 2gh 
X  A,  the  value  of  the  coefficient  of  discharge,  c^,  being 
found  to  increase  near  the  surface  as  the  depths  h  de- 
crease.   In  fact,  the  sides  and  length  of  the  orifice,  the 
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rounding  of  the  arrises,  and  the  depth  and  position  with 
reference  to  the  sides  of  the  vessel,  and  surface  of  the 
toater,  are  of  far  greater  practical  importance  than  ex- 
treme accuracy  in  the  mathematical  formulce,  which  when 
complex  may  be  of  little  or  no  practical  value. 

PRACTICAL  REMARKS  ON  THE  DISCHARGE  FROM 
RECTANGULAR  ORIFICES. 

It  has  been  shown,  equation  (6),  that  the  discharge 
from  rectangular  orifices,  with  two  sides  parallel  to 
the  horizon  or  surface  of  the  water,  is  expressed  by 
the  equation 

D  =  Cd  X  4  \/"27  X  Z  {4  -  hi], 

in  which  I  is  the  horizontal  length  of  the  orifice,  ^b  the 
depth  of  water  on  the  lower,  and  h^  the  depth  on  the 
upper,  side.  As  it  is  desirable  in  practice  to  change 
this  form  into  a  more  simple  one,  in  which  the  height 
h  of  the  centre  and  depth  d  of  the  orifice  only  shall  be 

d  d 

included,  then  h^  =  h  •{•  -  and  h^=:h^  -.  By  sub- 
stituting these  values  of  At,  <^cl  h^  in  the  foregoing 
equations,  and  developing  the  result  into  a  series,  the 
terms  of  which,  after  the  third,  may  be  neglected,  and 
putting  A  for  the  area  I  d,  there  results 

(29.)    D=rd  VTgli  X  a  1 1  -  g^  }  very  nearly. 

Therefore  for  the  accurate  theoretical  discharge 

/ -       J     ({h+^i-{h^^d)i) 

SO.)     J>  =  r^\^2ghXjAY      ^^^j       ^'l; 
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for  the  approximate  discharge 

and  for  the  discharge  by  the  common  formula 

J>  =  c^  s/  2  g  h  X  A. 

When  the  head  (h)  is  large  compared  with  (d),  the 
height  of  the  orifice,  each  of  the  three  last  equations 
gives  the  same  value  for  the  discharge ;  but  as  the 
common  expression  c^  V  2gh  x  a  is  the  most  simple ; 
and  as  the  greatest  possible  error  in  using  it  for  lesser 
depths  does  not  exceed  six  per  cent.,  viz.  when  the 
orifice  rises  to  the  surface  and  becomes  a  notch,  it  is 
evidently  that  formula  best  suited  for  practical  pur- 
poses. The  following  table  and  equations  will  show 
more  clearly  the  differences  in  the  results  as  obtained 
from  the  true,  the  approximate,  and  the  common  forrmdce, 
applied  to  '^  lesser  "  heads ;  and  they  will  also  explain, 
to  some  extent,  why  ''  coefficients  "  determined  from 
the  common  formula,  and  that  used  by  Poncelet  and 
Lesbros,  should  decrease  as  the  orifice  approaches  the 
surface. 


(31.) 


1 

2 

8 

I)  =  Cd 

\/2gU  X  •9428a. 

D  — Cd 

V2gh  X  -9583  a. 

,     hd 

»     ff 

„   X-9693A. 

99         99 

„   X -9788  A. 

-     Zd 

9>         99 

„   X-9796A. 

99         >> 

„   X  •9815  A. 

,      Id 

99         » 

„   X •9854a. 

M         99 

„   X -9864  A. 

h=d 

99        » 

„  X  •9890a. 

99         >» 

„   X  •9896  a. 

X 
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(31.) 

,     ^d 

\^2gh  X  -ggssA. 

D-Cd 

\^2gh  X  -9954  a. 

/i-2d,  „     „ 

„   X  •9974a. 

„    X -9974  A. 

,     hd 

„    X-9983A. 

„   X -9988  A. 

h-3d,  „     „ 

„   X-9988A. 

„   X '9988  A. 

,     7d 

„   X-9991A. 

„   X -9991  A, 

h-4  d,  „     „ 

„    X  •9994a. 

„   X -9994  A. 

\hxlOd,„     „ 

fy     y\    «/«/«/•/ A. 

jj      y\    t/»7«/«7  A. 

In  the  foregoing  Table  the  first  column  contains  the 
head  at  the  centre  of  the  orifice  expressed  in  parts  of 
its  height  d;  the  second  contains  the  values  of  the 
discharges  according  to  equation  (80) ;  and  the  third 
column  contains  the  approximate  values  determined 
from  equation  {29),  the  results  in  which  are  something 
larger  than  those  in  column  2,  derived  from  the  cor- 
rect formula.  The  numerical  coefficients  of  a,  at 
every  depths  are  less  in  both  than  unity^  the  constant 
coefficient  according  to  the  common  formula.  This 
latter,  therefore  (as  in  circular  orifices),  gives  results 
exceeding  the  true  ones,  but  the  excess  is  inappreciable 
at  greater  depths  than  h  =  3  d,  and  for  lesser  depths 
than  this  the  error  cannot  exceed  six  per  cent.  It 
may  be  useful  to  remark  here,  that  when  the  orifice 
rises  to  the  surface  and  becomes  a  notch,  the  *'  centre 
of  mean  velocity  *'  is  at  four-ninths  of  the  depths  and  the 
centre  of  gravity  at  two-thirds  of  the  depth  from  the  sur^ 
face.    The  former  fraction  is  the  square  of  the  latter. 
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SECTION  III. 

EXPERIMENTAL  RESULTS  AND  FORMUL-E. — COEFFICIENTS 
OF  DISCHARGE   FOR   ORIFICES   AND    NOTCHES. 

Heretofore  the  numerical  values  of  the  general 
coeflScient  of  discharge  c^  have  been  only  dwelt  upon 
partially.  In  order  to  determine  its  value  under 
<lifferent  circumstances  more  particularl}',  it  will  be 
now  necessary  to  consider  some  of  the  experiments 
which  have  been  made  from  time  to  time.  These  do 
not  always  give  the  same  results,  even  when  conducted 
imder  the  same  circumstances  and  by  the  same  parties, 
4ind  there  appears  to  exist  a  certain  amount  of  en'or, 
more  or  less,  inseparable  from  the  subject.  The 
experiments  with  orifices  in  thin  plates  afford  the 
most  consistent  results ;  but  even  here  the  differences 
4ire  sometimes  greater  than  might  be  expected.  In 
many  of  the  earlier  experiments  the  value  of  the 
•coefficient  c^  comes  out  too  large,  which  aiises,  very 
probably,  from  the  orifices  experimented  with  not 
being  in  thin  plates,  and  partaking,  more  or  less,  of 
tlie  nature  of  short  tubes  or  mouth-pieces  witli 
rounded  arrises,  which,  as  it  shall  be  seen,  give  larger 
•coefficients  than  simple  orifices.  When  an  orifice  is 
in  the  bottom  of  a  vessel,  it  would  appear  more  correct 
to  measure  the  head  from  the  surface  to  the  vena- 
-contracta  than  from  the  surface  to  the  orifice  itself; 
and  as  any  error  in  measuring  the  head  in  any  experi- 
ment must  affect  the  value  of  the  coefficient  derived 

s  2 
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from  such  experiment,  so  as  to  increase  it  when  the 
error  is  to  malce  the  head  less,  and  vice  versd,  it 
appears  that  heads  measured  to  an  orifice  in  the 
bottom  of  a  vessel,  and  not  to  the  vena-contracta, 
must  give  larger  coefficients  from  the  experimental 
results  than,  perhaps,  the  true  ones.  The  coefficients 
in  the  following  pages  have  been  almost  all  arranged 
and  calculated,  by  the  author,  from  the  original  experi- 
ments. 

In  1739  Dr.  Brj^an  Eobinson  made  some  experi- 
ments on  the  discharge  through  small  circular  orifices,, 
from  one-tenth  to  eight-tenths  of  an  inch  in  diameter,, 
with  heads  of  two  and  four  feet,*  which  give  the 
following  coefficients. 

COEFFICIENTS  FROM  DR.  B.  ROBINSON's  EXPERIMENTS. 


Heads. 

diameter. 

f  5  inch 
diameter. 

A  inch 
diameter. 

•761 
•765 

A  inch 
diameter. 

2  feet  head  1     •768 
4  feet  bead        '768 

•767 
•774 

•728 
•742 

These  results  are  pretty  imiform,  and  the  values 
from  which  they  are  derived  are  said  to  be  "  means 
taken  from  five  or  six  experiments ; "  as  values  of 
Ca  they  are,  however,  too  high.  The  apparatus  made 
use  of  is  not  described ;  but  it  is  probable,  from  the 
results,  that  the  plate  containing  the  hole  or  orifice 
was  of  some  thickness,  and  that  the  inner  arris  was^ 
slightly  rounded.  There  is  here,  however,  a  very 
perceptible  increase  in  the  coefficients  for  the  smaller 
orifices,  but  none  for  the  smaller  depth. 


Helsham's  Lectures,  p.  390.    Dublin,  1739. 
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In  a  paper  in  the  Transactions  of  the  Royal  Irish 
Academy,  vol.  ii.  p.  81,  read  March  1st,  1788,  Dr, 
Matthew  Young  determines  the  value  of  the  coeflS- 
«ient  for  an  orifice  t^^j^  inch  in  diameter,  with  a  mean 
head  of  14  inches,  to  he  '628.  The  manner  in  which 
this  value  is  determined  is  very  elegant;  viz.,  hy  com- 
paring the  observed  with  the  theoretical  time  of  the 
Avater,  in  the  vessel,  sinking  from  16  inches  to  12 
inches. 

The  following  expeiiments  by  Michelotti,  with  cir- 
cular orifices  from  1  to  about  8  inches  diameter,  and 
^vith  from  6  to  28  feet  heads,  give  for  the  mean. 
Talue  Cd=*618 ;  and  for  square  orifices  of  from  1  to 
D  square  inches  in  area,  at  like  depths,  the  mean, 
value  of  Cd='628.  The  experiments  are  given  in 
French  feet  and  inches,  according  to  which  standard 
in  feet,  d=7*77  a  VX  X  *;  *  being  the  time  in 
seconds.*  As  the  time  of  discharge  in  these  ex- 
periments varies  from  ten  minutes  to  an  hour,  and  as 
the  depths  are  considerable,  the  results  must  be 
looked  upon  as  pretty  accurate ;  and  it  is  worthy  of 

*  The  Talae  of  V  2gh^  equation  (1),  for  measures  in  French  feet,  is 

7*77  V  A,  and  for  measures  in  French  inches,  26*9  V^ ;  g  being  equal 
to  80 '2  feet,  or  862 '4  inches,  French  measure.  One  French  foot  ia 
equal  to  1  '06578  English  feet,  and  the  inches  preserve  the  same  pro- 
|H>rtion.  The  resulting  coefficients  must  be  the  same,  whatever  stan- 
<Iards  the  calculations  are  made  from.  Many  of  the  most  valuable 
furmnlae  and  experiments  in  hydraulics  are  given  in  French  measures 
of  the  old  style.  As  the  object,  however,  in  the  present  section,  is  to 
iletermine  from  experiment  the  relation  of  the  experimental  to  the 
theoretical  dischaige,  it  is  not  necessary  to  reduce  the  experiments  to 
other  measures  thui  those  in  the  original ;  but  the  value  of  the  force  of 
gravity,  g,  must,  of  course,  be  taken  in  those  measures  with  which  the 
experiments  were  raad<*.     In  the  French  decimal,  or  modem  style,  tha 
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COEFFICIENTS  FROM  MICUELOTTIS  EXPERIMENTS. 


Doacription  and 

bIm  of  orifice,  iu 

Fronch  inches. 


Depth  of 

the  centre 

of  the 

orifices  In 
!    French 
I      feet. 


Quantity 

discharged 

in  cubic 

feet 


Theoretical 
I       time. 
Time  of  I   calculated 
discharge         from 
in  D 

seconds.     <=^.^:=--.« 


Square  orifice, 
3"  X  a" 


6*618 
6-852 
11-676 
11*818 
21  *691 
21*715 


463*604 
666*458 
516.785 
612*118 
415*437 
499*222 


600 
720 
510 
600 
300 
360 


371*8 
445*6 
311*4 
366*6 
183-7 
220-6 


Resulting 
coeffi- 
cients of 
discharge. 


Mean  value  of  the  coifficient ;  square  orifice  3"  x  3' 


Square  orifice, 
2"x2- 


6-625 
11*426 
21*442 


329-806 
428*465 
385*383 


900 
900 
600 


594* 

580-4 

385*7 


'619 
-619 
•610 
-611 
•612 
•613 


•614 


•660 
•645 
•648 


Mean  value  of  the  coefiicient ;  square  orifice  2'  x  2"  .    . 


•649 


Square  orifice, 
l^xl" 


6-767 
11*889 
21  ^607 


158  ^549 
163*792 
662*944 


1800 
1440 
8600 


1686- 
880*6 
2249-9 


•628 
-612 
*625 


Mean  value  of  tlio  coefiicient ;  square  orifice  1"  x  1' 


Circular  orifice, 
8"  diameter 


6-694 
11-690 
21*611 


542  85 

670-972 

521-299 


•621 


•611 
•610 
•612 


Mean  value  of  the  coefficient ;  circular  orifice  8"  diameter  .     *611 


Circular  orifice, 
2"  diameter 


6-785 
11-722 
21*908 


488*687 
589*535 
575*486 


1800 
1680 
1200 


1108^1 

1016^4 

725  9 


•616  j 
•605  ^ 
•605     I 


Mean  value  of  the  coefficient ;  circular  orifice  8"  diameter  .     ^609 


Circular  orifice, 
1"  diameter 


6-875   1    247*854 
11*722       324*11 
21*903       444*585 


8600 
8600 
8600 


2227* 
2233- 
2237-2 


•619 
•620 
•621 


Mean  value  of  the  coefficient ;  circular  orifice  1"  diameter  •     ^620 
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note  that  here  the  coefficients  are  larger  for  square 
than  for  circular  orifices. 

It  may  he  remarked  here  in  passing  how  universal 
the  coefficients  '613  to  '628  are  for  all  forms  of 
orifices  in  thin  plates;  or  with  the  outside  arrises 
chamfered.  Indeed,  the  coefficient  *62  may  always 
be  used  with  certainty,  for  practical  purposes, 
for  every  orifice  of  this  kind,  whether  at  the  sur- 
face in  the  form  of  a  notch,  or  at  the  sides  or 
bottom  of  a  vessel,  if  the  section  of  the  approaching 
water  be  large  ia  proportion  to  the  area  of  the  dis- 
charging orifice  or  notch.  By  coefficient  of  course  is 
here  meant  that  decimal  which,  multiplied  by  the 
theoretical  value,  gives  the  practical  result ;  and  this 
is  substantially  the  same  for  notches  and  orifices  sunk 
below  the  surface,  as  will  appear  further  on.  There 
appears,  however,  an  utter  want  of  accuracy  in  using 
the  coefficient  -62  or  thereabouts  in  gauging  for  aU 
orifices,  weirs  included,  no  matter  what  the  thickness 
or  form  of  the  orifice  or  crest  of  a  weir  may  be,  or 
area  of  the  approaching  channel.  These  will  cause 
the  coefficient  to  vary  from  *5  to  1  or  more,  and  hence 
the  necessity  for  endeavouring  to  reduce  this  portion 
of  the  subject  to  rule. 

The  experiments  made  by  the  Abbe  Bossut,  con- 
tained in  the  foUowiog  table,  give  the  mean  value  of 
Cd,  for  both  circular  and  square  orifices,  equal  to  *616 

metre  is  equal  to  3 '2809  English  feet,  or  89 '871  inches.  The  tenth 
part  of  a  metre  is  the  decimetre,  and  the  tenth  part  of  the  decimetre 
the  centimetre,  as  the  names  imply.  Table  XIY.  contains  the 
weights  and  measures  in  general  nse  in  Great  Britain  and  France,  with 
their  general  ratios  to  each  other. 
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nearly ;  and  it  may  be  perceived  that,  for  the  small« 
depth  in  the  last  experiment,  the  coefGicient  rises  so 
high  as  *649.     These  and  other  experiments  led  the 
Abbe  to  construct  a  table  of  the  discharges,  at  different 

COEFFICIENTS  FBOU  BOSSUfS  EXFE&IMEKTS. 


Doscription,  poeitloD,  and  size  of 
orifico,  in  French  inches'. 


Horizontal  and  circular,  y  diameter 
Horizontal  and  circnlar,  1"  diameter 
Horizontal  and  circular,  2"  diameter 
Horizontal  and  rectangular,  1"  x  i" 
Horizontal  and  square,  1"  x  1" .     . 
Horizontal  and  square,  2"  x  2"  .     . 
Lateral  and  circular,  J"  diameter  . 
Lateral  and  circular,  1"  diameter  . 
Lateral  and  circular,  i'  diameter  . 
Lateral  and  circular,  1"  diameter  . 
Lateral  and  circular,  1'  diameter  . 


5 

111 
III 


140-882 

140*882 

140-832 

140-882 

140-882 

140-832 

108- 

108- 

48- 

48- 
0-5883 


2311 

9281 

37208 

2988 

11817 

47361 

2018 

8185 

1353 

5436 

628 


8  8)1^ 

Hi 


3760-8 
15043-3 
60173  1 

4788-4 
19153-7 
76614-6 

8293-3 
18173*3 

2196-5 

8782-2 
968- 


11 


•614 
-617 
-618 
•618 
•617 
•617 
•613 
•617 
•616 
•616 
-649 


depths,  from  a  cu-cular  orifice  1  inch  in  diameter,  from 
which  the  author  has  determined  the  following  table  of 
coefficients.  These  increase,  as  the  orifice  approaches 
the  surface,  from  '617  to  *621 ;  and  at  lesser  depths 


COBFFICIEirrs  DEDUCED  FROM  B0S8UT  B  EXPERIMENTS. 


Heads, 
in  f  set 

Coefficients. 

1 

fieads, 
in  feet 

Coeffidenta. 

Heads* 
in  feet 

Coefficients. 

1 

•621 

6 

•620 

11 

•619 

2 

•621 

7 

•620 

12 

•618 

S 

•621 

8 

•619 

13 

•618 

4 

•620 

9 

•619 

14 

•618 

5 

r 

•620         1 

1 

10 

•619 

15 

•617 
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than  1  foot  other  experiilients  show  an  increase  in  the 
coefficient  up  to  '650.  The  experiments  of  Poncelet 
and  Lebros  show,  however,  a  reduction  in  the  coeffi- 
cients for  square  orifices  8"  X  8"  as  they  approach  the 
surface  from  '601  to  '572. 

Brindley  and  Smeaton's  experiments,  with  an  orifice 
1  inch  square  placed  at  different  depths,  give  a  mean 

COEFFICIENTS  CALCULA,TED  FROM  BRINDLEY  AND  SMRATON's 

EXPERIMKNTS. 

1  foot  head  :  orifice  1"  x  1"  :  coefficient  -639^ 

2  feet  head  :  orifice  1"  x  1"  :  coefficient  '635 

3  feet  head  :  orifice  1"  x  1"  :  coefficient  '648  -mean  '637. 

4  feet  head  :  orifice  1"  x  1"  :  coefficient  '632 

5  feet  head  :  orifice  1'  x  1"  :  coefficient  *632J 

6  feet  head  :  orifice  i"  ^i*  :  coefficient  '557 

value  for  c^  of  'GST.  The  last  experiment,  with  an 
orifice  only  |  inch  by  ^  inch,  gives  so  small  a  coefficient 
us  '557  placed  at  a  depth  of  6  feet ! 

For  notches  6  inches  wide  and  from  1  to  6^  inches 
deep,  Brindley  and  Smeaton's  experiments  give  the 
mean  value  of  ca='6S7.     The  coefficients  of  discharge 

COEFFICIENTS  FOB  KOTCHE»»   CALCULATED  FROM  BRINDLEY  AND 


K-f 


8MEATOK  8  EXPERIMENTS. 


,  Ratio  of  tho 

lOQffth 

lo  the  depth. 


Sisoof 

notches  In 

inchot. 


CoeffloiMits. 


•92  to  1 

6x64       1 

107  tol 

6x5| 

1-2    tol 

6x5 

1-92  tol 

6x8i 

2-4    tol 

6x2A» 

•638 
•671 
•609 
•602 
•686 


Ratio  of  the 

length 
to  the  depth. 


Blxeof 

notches  in 

inches. 


3-7  tol 
4*4  to  1 
4-8  tol 
6^    tol 


6x14 
6xli^ 
6x1^ 
6x1 


Mean  value. 


Coefficients. 


•688 
'654 
•681 
•713 
•637 


*  The  depth  is  misprinted  2^^  inches  in  the  Encyclopedias,  the 
Tesolting  coefficient  for  which  would  he  '568  instead  of  •636  as  ahove, 
for  a  depth  of  2^  Inches. 
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for  notches  and  orifices  appear  to  differ  as  little  from 
each  other  as  those  for  either  do  in  themselves*  The 
results  also  show  a  general  though  not  uniform  increase 
in  the  coefficients  for  smaller  depths. 

Du  Buat's  experiments  with  notches  18*4  inches, 
long,  give  the  mean  value  of  Cd='682,  which  differs 
very  little  from  the  mean  value  deteimined  from 
Brindley  and  Smeaton's  experiments. 

COEFFICIENTS  FOR  NOTCHES,    CALCULATED   FROM  DU   BUAT*8 

FJLPERIlfENTS. 


Ratio  of  tbo 

length 
to  the  depth. 

Sixoor 

notchea  in 

incbos. 

OoefBdents. 

Ratio  of  the 

lenarth 
to  the  depth. 

Sice  of 
notches  in    Coefficients, 
inches.                          i 

2-72  to  1 
3-94  to  1 

18-4  X  6  768 
18-4  X  4-665 

•630 
•627 

i 

676  to  1 
10-8    tol 

18-4  X  3-199;       -624 
18-4x1-778       -646 

Poncelet  and  Lesbros'  experiments  give  the  coeffi- 
cients in  the  following  table,  for  notches  8  inches. 


COEFFICIENTS  FOR  KOTCHF>i,    BY  PONCELET  AND   LESBROS. 


Ratio  of  the 

Biseof 

Ratio  of  the 

Bice  of 

1      length 

notches  in 

Coefficients. 

length 
to  the  depth. 

notches  in 

Coefficients. 

to  the  depth. 

inches. 

inches. 

-9  tol 

8x9 

-577 

8*33  tol 

8x2-4 

-601 

1      tol 

8x8 

•585 

6*      to  1 

8xl^6 

•611 

1-3  tol 

8x6 

•590 

6-7    tol 

8x1-2 

•618 

2     tol 

8x4 

•592 

10       tol 

8x0-8 

•625 

2-6  tol 

8x3-2 

•695 

20       tol 

8x0-4 

•686 

wide ;  the  mean  value  of  all  the  coefficients  in  these 
experiments  is  *608.  Here  the  coefficients  increase 
in  every  instance  as  the  depths  decrease,  or  as  the 
ratio  of  the  length  of  the  notch  to  its  depth  increases. 
It  will  be  necessary  to  refer  to  the  valuable  experi- 
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ments  made  at  Metz,  on  the  discharge  from  differently- 
proportioned  orifices  immediately. 

Bennie's  experiments  for  circular  orifices  at  depths, 
from  1  foot  to  4  feet,  and  of  diameters  from  \  inch 
to  1  inch  give  the  following  coefficients.     Here  the^ 

COEFFICIENTS  FOR  CIRCULAR  ORIFICF-H,    FBOM  BENNIF/s 

EXPERIMENTS. 


lleada  at  the 

centre  of 

eachuvifico 

in  feet. 


iineh 
diameter. 


}inch 

finch 

linch 

Mean 

diameter. 

diameter. 

diameter. 

Talues. 

•684 

•644 

•633 

•645 

•621 

•652 

•619 

•636 

•638 

•632 

•628 

•639 

•626 

•614 

•684 

•621 

•629 

•635 

•616 

•635 

increase  for  the  coefficients  for  lesser  orifices  and  at 
lesser  depths  exhibits  itself  very  clearly,  notwithstand- 
ing a  few  instances  to  the  contrar}%  The  mean  value 
of  the  coefficient  c^  derived  fi*om  the  whole,  is  'BBS* 
For  small  rectilineal  orifices  the  coefficients  were  as. 
follows : — 

COEFFICIENTS  FOR  RECTANGULAR  ORIFICES,   FROM  RENMI£*S 

EXPERIMENTS. 


o 

>; 

'A 

"O 

15' 

*^« 

^ 

1^ 

1 

1 

•617 

•617 

2 

•634 

•635 

3 

•606 

•606 

4 

•593 

•693 

Means 

•618 

•613 

1 

lift 

,1  f  * 

i 

Equ 
tri 
of  1  sqi 
with 

•663 

fi 

•696 

■668 

i» 

•677 

•606 

>r 

•672 

•6»8 

•593 

•698 

•63.J 

•693 

•685 
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The  most  valuable  series  of  experiments  are  those 
made  at  Metz,  by  Poncelet  and  Lesbros.  They  were 
made  with  orifices  eight  inches  wide,  nearly,  and 
•of  different  vertical  dimensions  placed  at  various 
•depths  down  to  10  feet.  The  discrepancies  as  to 
4my  general  law  in  the  relation  of  the  different 
values  of  the  coefficient  of  discharge  c^  to  the  size 
4ind  depth  of  the  orifice  in  the  preceding  experi- 
unents,  have  been  remedied  to  a  great  extent  by 
these.  They  give  an  increase  of  the  coefficients  for 
the  smaller  and  very  oblong  orifices  as  they  approach 
tthe  surface,  and  a  decrease  under  the  same  circum- 
stances in  those  for  the  larger  square  and  oblong 
orifices.  There  are  a  few  deptlis  where  maximum  and 
minimum  values  are  obtained :  the  terms  ''  maximum 
and  minimum  values "  are  used  for  those  which  are 
greater  in  the  one  case  and  less  in  the  other  than 
the  coefficients  immediately  before  and  after  them ; 
^nd  not  as  being  numerically  the  greatest  or  least 
values  in  the  column.  These  maximum  and  minimum 
values  are  marked  with  a  *,  in  the  arrangement  of 
these  coefficients.  Table  I.  The  heads  given  in  this 
table  were  measured  to  the  upper  side  of  the  orifices, 
and  by  adding  half  the  depth  of  the  orifice  to  any  par- 
ticular head,  the  head  at  the  centre  will  be  obtained. 

As  a  perceptible  sinldng  of  the  surface  takes  place 
for  heads  less  than  from  five  to  three  times  the  depth 
•of  the  orifice,  the  coefficients  are  arranged  in  pairs, 
the  first  column  containing  the  coefficients  for  heads 
measured  from  the  still  water  surface  some  distance 
back  from  the  orifice,  and  the  second  obtained  when 
the  lesser  heads,  measured  directly  at  the  orifice,  were 
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used.  Avery  considerable  increase  in  the  value  of  the 
coeflScients  for  very  oblong  and  shallow  small  orifices^ 
may  be  perceived  as  they  approach  the  surface,  and 
the  mean  value  for  all  rectilinear  orifices  at  consider- 
able depths,  seems  to  approach  to  '605  or  "606. 

It  is  shown,  equation  (29),  that  the  discharge   is 

approximately,  in  which  expression  d  is  the  depth  of 
the  orifice,  and  /*  the  head  at  its  centre.  Now  it  is 
to  be  observed,  that  it  is  not  the  value-  of  c^  simply, 
which  is  given  in  Table  I.,  but  the  value  of  c^  x 

-J  1  —  —  -  jj  > ,  the  coefficient  of  a  \/2  g  h,  equation 

(29).  The  coefficients  in  the  table  are,  therefore,  less 
than  the  coefficients  of  discharge,  strictly  so  called, 

by  a  quantity  equal  to  A-—.     The  value  of  this  ex- 
•^  96 /r 

pression  is  in  general  very  small,  and  it  is  easy  to 

perceive  from  the  first  of  the  expressions  in  equation 

(81),  pp.  49  &  50,  that  it  can  never  exceed  4*2  per  cent.,. 

or  more  correctly  '0417  in  unity.    If  it  be  required  to 

know  the  discharge  from  an  orifice  4  inches  square 

=  4"  X  4",  with  its  entire  4  feet  below  the  surface,  — 

which  is  equivalent  to  a  head  of  8  feet  10  inches  at 

the  upper  side.    From  the  table  the  value  of 

1 

9 


i>  =  -601  X  A  VT^  =  '601  X  -  X  8-025  x  2  = 


'601  X  ~  X  16-05  =  -  X  9-646  =  1*072 

9  9 
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cubic  feet  per  second.  In  the  absence  of  any  experi- 
ments mth  larger  orifices,  when  they  occur,  it  is  best 
to  use  the  coeiEcients  given  in  this  table ;  and,  in 
■order  to  do  so  with  judgment,  it  is  only  necessary  to 
observe  the  relations  of  the  sides  and  heads.  For 
■example,  if  the  side  of  an  orifice  be  16"  x  4",  then 
seek  for  the  coefficient  in  that  column  where  the  ratio 
of  sides  is  as  foiu*  to  one,  and  if  the  head  at  the 
upper  side  be  five  times  the  length  of  the  orifice,  the 
■coefficient  "626  will  be  found,  which  in  this  case  is  the 
same  for  depths  measiu-ed  behind,  or  at  tlie  orifice. 
For  lesser  orifices,  the  results  obtained  from  the 
experiments  of  Michelotti  and  Bossut,  pages  54  and 
56,  are  most  applicable ;  and  also  the  coefficients  of 
Itennie,  p.  59.  It  is  almost  needless  to  observe, 
that  all  these  coefficients  are  only  applicable  to  orifices 
jl  in  thin  plates,  or 
those  having  the 
V  outside  arrises 
I  chamfered  as  in 
]  Fig.  8.  Very  little 
I  dependence  can  be 
I  placed  on  calcula- 
I  tions  of  the  guan- 
'  tities  of  water  dis- 
charged from  other  orifices,  unless  where  the  coeffi- 
cieuts  have  been  already  obtained  by  experiment  or 
correct  inference  for  them.  If  the  inner  arris  next 
the  water  be  rounded,  the  coefficient  will  be  in- 
creased. 

NOTCHES  AND  WEIRS. 
Some  coefficients  have  been  already  given  at  pages 
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S7  and  58,  derived  from  experiments  of  Du  Buat, 
Brindley  and  Smeaton,  and  Poncelet  and  Lesbros,  for 
finding  the  discharge  over  notches  in  the  sides  of 
iarge  vessels ;  and  it  does  not  appear  that  there  is 
any  difference  of  importance  between  these  and  those 
for  orifices  sunk  some  depth  below  the  surface,  when 
the  proper  foimula  for  finding  the  discharge  for  each 
is  used.  If  Poncelet  and  Lesbros'  coefficients  for 
notches,  page  58,  be  compared  with  those  for  an 
orifice  at  the  surface.  Table  I.,  there  is  little  prac- 
tical difference  in  the  results,  the  head  being  measured 
back  from  the  orifice,  unless  in  the  very  shallow 
depths,  and  where  the  ratio  of  the  length  to  the  depth 
•exceeds  five  to  one.  The  depths  being  in  these 
examples  less  than  an  inch,  it  is  probable  that  the 
larger  coefficients  found  for  the  orifice  at  the  surface, 
arise  £rom  the  upper  edge  attracting  the  fluid  to  it 
nnd  lessening  the  effects  of  vertical  contraction,  as 
well  as  from  less  lateral  contraction.  Indeed,  the 
results  obtained  from  experiments  with  very  shallow 
weirs,  or  notches,  have  not  been  at  all  imiform,  and 
lit  small  depths  the  discharge  must  proportionably 
be  more  affected  by  movements  of  the  air,  surface 
adhesion,  and  external  circumstances  than  when  the 
depths  are  considerable.  It  will  be  seen  that  in  Mr. 
Blackwell's  experiments  the  coefficient  obtained  for 
depths  of  1  and  2  inches  was  *676  for  a  thin  plate  8 
feet  long,  while  for  a  thin  plate  10  feet  long,  it  in- 
creased up  to  *805. 

The  experiments  of  Castel,  with  weirs  up  to  about 
SO  inches  long,  and  with  variable  heads  of  from  1 
to  8  inches,  lead  to  the  coefficient  *497  for  notches 
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extending  over  one-fouiih  of  the  side  of  a  reservoir ; 
and  to  the  coefficient  "664  when  they  extend  for  the 
whole  -width.  For  lesser  widths  than  one-fourth,  the 
coefficients  decrease  down  to  '584 ;  and  for  those 
extending  between  one-third  of,  and  the  whole  width, 
they  increase  from  "600  to  '665  and  '680.  Bidone 
found  Ca  =  '620,  and  Eytelwein  q  =■  '685.  It  will  be 
perceived  from  these  and  the  foregoing  results,  tliat 
the  third  place  of  decimals  in  the  value  of  c^,  and 
even  sometimes  the  second,  is  very  imcertain;  that 
the  coefficient  varies  with  the  head  and  ratio  of  the 
notch  to  the  side  in  which  it  is  placed ;  and  it  will 
soon  be  shown  that  the  form  and  size  of  the  weir, 
weir-basin,  and  approaches,  still  further  modify  its 
value. 

When  the  sides  and  edge  of  a  notch  increase  in 
thickness,  or  are  extended  into  a  shoot,  the  coefficients 
are  found  to  reduce  very  considerably ;  and  for  small 
heads,  to  an  extent  beyond  what  the  increase  of 
resistance,  from  friction  alone,  indicates.  Poncelet 
and  Lesbros  found,  for  orifices,  that  the  addition  of 
a  horizontal  shoot,  21  inches  long,  reduced  the  coeffi- 
cient from  '604  to  '601,  with  a  head  of  4  feet ;  but  for 
a  head  of  only  4^  inches,  the  coefficient  fell  from 
•572  to  -488,  the  orifice  being  8''  x  8''.  For  notches 
8  inches  wide,  with  a  horizontal  shoot  9  feet  10  inches 
long,  the  coefficient  fell  from  *682  to  '479,  for  a  head 
of  8  inches ;  and  from  "622  to  '840,  for  a  head  of  only 

1  inch.  Gastel  found  also,  for  a  notch  8  inches  wide 
with  a  shoot  8  inches  long  attached  and  inclined  at  an 
angle  4^  18^  that  the  mean  coefficient  for  heads  from 

2  to  4  J  inches  was  only  '527.    Little  dependence  can. 
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therefore,  be  placed  on  experimental  results  obtained 
for  shoots  which  partake  of  the  nature  of  short  pipes, 
and  should  be  treated  in  like  manner  to  find  the 
discharge.* 

The  author  has  calculated  the  following  table  of 
coefficients  from  some  experiments  made  by  Mr.  Bal- 


OOKFFICIZMTS  VOB  SHOBT  WBIBS  OTXB  BOABDt). 

Beadt  metuured  on  the  erat. 

Vtptb* 
iainohM. 

Coeffidenta. 

Depths 
.inmcheB. 

Coeffidanti. 

DepUtf 
in  indies. 

Ooeffldents. 

1 

•762 

8 

•801 

5 

•788 

li 

•662 

H 

•766 

5i 

•718 

li 

•678 

8} 

•748 

5i 

•785 

1| 

•692 

8f 

•740 

5J 

•729 

2 

•684 

4 

•769 

6 

•727 

2J 

•702 

H 

•781 

7 

•716 

2i 

•766 

H 

•744 

8 

•726 

2f 

•786 

4} 

1 

•746 

Mean 

•782 

lard,  on  the  river  Severn,  near  Worcester,  "with  a 
weir  2  feet  long,  formed  by  a  board  standing  perpen- 
dicularly across  a  trough."!  The  heads  or  depths 
were  here  measured  on  the  weir^  and  hence  the  coeffi- 
cients are  larger  than  those  found  from  heads  mea- 
sured back  to  the  surface  of  still  water. 

Experiments  made  at  Chew-Magna,  in  Somerset- 
shire, by  Messrs.  Blackwell  and  Simpson,  in  1850,  t 
give  the  following  coefficients. 

"  The  overfall  bar  was  a  cast-iron  plate  2  inches 
thick,  with  a  square  top."     The  length  of  the  over- 


*  Tndttf  HydranUqiie,  par  D'Aabuiason,  pp.  46,  94  et  96. 
t  Civil  Engineer  and  Architects  Journal  for  1861,  p.  647. 
t  Civil  Engineer  and  Architecf  a  Journal  for  1861,  pp.  642  and 
646. 
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OOEFFICIEirrS  DERIVED  FROM  THE  EXPERIMENTS  OF  BLACKWELL 

Ain>  8IMP80N. 


Heads 
in  inches. 

Coefficients. 

Heads 
in  inches. 

Coefficients. 

Heads 
in  inches. 

Coefficients. 

ItoJ 

•591 

4} 

•743 

6 

•749 

ItolA 
2ft  to  2} 

•626 
•682 

S 

•760 
•741 

6ft 
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•748 
•747 

n 

•665 

4^ 

■750 

6iS 

•772 
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m 

•717 

2i 
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6 

•780 

8 

•802 

m 

•653 

s« 

•781 

8  to  813 

•737 

2B 

•654 

m 

•749 

8tt 

•750 

3  to3j^ 

■725 

64to6H 

•751 

9 

•781 

4 

•745 

6« 

•728 

Mean 

■723 

1 

fall  was  10  feet.  The  heads  were  measured  from  still 
water  at  the  side  of  the  reservoir,  and  at  some  distance 
up  in  it.  The  area  of  the  reservoir  was  21  statute 
perches,  of  an  irregular  figure,  and  nearly  4  feet  deep 
on  an  average.  It  was  supplied  from  an  upper  reser- 
voir, by  a  pipe  2  feet  in  diameter  and  of  19  feet  fall ; 
the  distance  between  the  supply  and  the  weir  was 
about  100  feet.  The  width  of  the  reservoir  as  it 
approached  the  overfall  was  about  50  feet,  and  the 
plan  and  section.  Fig.  9,  of  the  weir  and  overfall  in 
connection  with  it,  will  give  a  fair  idea  of  the  circum- 
stances attending  the  experiments.  For  heads  over 
5  inches  the  velocity  of  approach  to  the  weir  was 
*'  perceptible  to  the  eye,"  though  its  amount  was  not 
determined.  It  will  be  perceived  that  the  coefficient 
(derived  from  two  experiments)  for  a  depth  of  8  inches 
is  '802,  while  the  coefficient  (derived  from  three 
experiments)  for  a  depth  of  7-H-  inches  is  '717,  and 
for  depths  from  8  to  8-f^  inches  tlie  mean  coefficient 
is  '743 :  as  all  the  attendant  circumstances  appear  the 
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same,  these  discrepancies  and  others  must  ai'ise  from 
some  imdescribed  circumstances  of  the  case :  perhaps 
the  supply,  and,  consequently,  the  velocity  of  approach, 
vas  increased  while  making  one  set  of  experiments, 
without  affecting  the  still  water  near  the  side  where 
the  heads  appear  to  have  heen  taken.  By  comparing 
the  results  with  those  obtained  by  one  of  the  same 
experimenters,   Mr.   Blackwell,   on  the   Kennet  and 


Avon  Canal,  we  shall  immediately  perceive  that  the 
velocity  of  approach,  and  every  circmnstance  which 
tends  to  alter  and  modify  it,  has  a  very  important 
effect  on  the  amount  of  the  discharge,  and,  conse- 
quently, on  the  coefficient. 

The  experiments  made  by  Mr.  Blackwell,  on  the 

Kennet  and  Avon  Canal,  in  1850,*  afford  very  valuable 

instruction,  as  the  form  and  width  of  the  crest  were 

*  Cinl  Engineer  aoil  Arcliitcct'a  Jonnutl,  1851,  i>.  042. 


68 


TEE  DISCHARGE  OP  WATER  FR03f 


o 

s 

M 

IS 


S 


Q 
H 

g 

Q 

-< 

ti 
H 

H 

C 
PS 


.r 


•>* 


o 


O 
H 


» 

o 
o 


00 


1 

00 

5 

t^  id     .  lO     .CO     .  t^     .     .     •     • 

•        •                •                •                • 

m 

i-HOi    .    .coco    .S2SJ5    •    • 

00*0-      •      •  r-t  rH      •  CO  OO  U) 

•       •                         •        •                •        •        • 

m 

*  *                  «  •  * 

:    :aia>    :oa»    :ao^^ 

8  feet 

long,  fall 

linl2. 

t^COO^a      .rtt^     .00      .      .      . 
CO  00  00  kA      •  CO  0<      -Oft      •      •      • 

■^iata-^    'iota    '^    ' 

•        •       •        •                •        •                • 

8  feet 

long,  fall 

linlS. 

UiCO*^rHCO      .COi-tO^      .     ,      . 

•^  "*  CO  CO  i-t    .  r-<  oi  o>    :    •    : 

kOk^^'^kO     'lO-^-H     •     •     • 

•       ••••                ■•• 

m 

• 

Ol  G4  rH  O)  Ob  «-H  00  O  CO      .      .      - 

Ma  00  "^  f-i  *»•  o  oo  r«»  t*        : 

T**  T**  T** '?  "?*  *f^  T**  T"  "I" 

S 
§ 

1 

.s 

CI 

1 

•Sfll  'So 

t^coicoco    ••:...• 

O  Mi  Oft  0<l  0>  CO  CO  OO  OO  "<♦  ^      . 
00  OOCO  O  Ot»t^'^  Mi  00  CO      : 
•^MiMiCpCpMiMiMiMiMiMi 

^ 
oS 

*           «    •    «    *    •                 • 
a»rHt<«Mii-l00a0O0>0)Mia» 
MiCOOdt^OOOOaCOOO<N-<«« 
^MiMiMiCOCOOMiMiMiMiMi 

1 

Si 

*    *                 •    *    «           * 

»«•  Oi  CO  04  00  ec  r- CO  o  "^    .    . 

COOCO'^QOOrHOOrH      :      : 
^MiOMiMiMicpcp^cp 

— 

1 

a 

II 

*           *                 * 
0>  00  04  coo      •      .r^O            . 

o  o  "^  Mi  Mi    :    :  00  CO    :    : 
ooaocococo           Mi  Mi 

•        •        ■        •        •                           •        • 

It 

t^ta  o  t^  <N  oo 

t>«t»eorHoa»    :::::: 
co«ocp«oco»o    .    : 

'XphM 

eaiotHni 
pMnnein 

rHC4eO^»O«0t^OOOiOC9-^ 

i-H  rH  rH 

■2 

n3 


oo 


•s 

o 


I 

0) 

I 
& 

H 

I 
.a' 


^  0 


6 

•s 

•c 

o 

I. 


0SJFI0E3,    WEIM,   PIPES,   AND  RI7ERS.  69 

varied,  and  broaght  to  agree  more  closely  with  actoal 
weirs  across  rivers  than  the  thin  plates  or  boards  of 
earlier  experimenters.  The  author  has  calculated  and 
arranged  the  coefBcienta  in  the  following  table  &om 
these  experiments.  The  variations  in  the  values  for 
different  widths  of  crest,  other  circumstances  being 
the  same,  are  verj-  considerable ;  and  the  differences 
in  the  coefficients,  at  depths  of  5  inches  and  under, 
for  thin  plates  and  crests  2  inches  wide,  are  greater 
than  mere  friction  can  account  for ;  and  greater  also 
than  the  differences  at  the  some  depths  between  the 
coefficients  for  crests  2  inches  thick,  and  S  feet  long. 


The  plan  and  section.  Fig.  10,  will  give  a  fair  idea 
of  the  approach  to,  and  nature  of  the  overfall  made 
use  of  in  these  experiments.    The  area  of  the  reser- 


70  THE  DISCEAROE  OF  WATER  FROM 

voir  was  2a.  1r.  80p.,  and  the  head  was  measured 
from  the  surfjEice  of  the  still  water  in  it,  which  remained 
unchanged  between  the  beginning  and  end  of  each 
experiment.  The  width  of  the  approach  a  b  from 
the  reservoir  was  about  32  feet ;  the  width  at  a  6 
about  13  feet,  below  which  the  waterway  widened 
suddenly,  and  again  narrowed  to  the  length  of  the 
overfall.  The  depth  in  front  of  the  dam  apj)ears  to 
have  been  about  3  feet ;  the  depth  on  the  dam,  next 
the  overfall,  about  2  feet ;  and  the  depth  on  the  sunk 
masonry  in  the  channel  of  approach,  about  18  inches. 
Altogether,  the  circimistances  were  such  as  to  increase 
the  amount  of  resistances  between  the  reservoir,  from 
which  the  head  was  measured,  and  the  overfall,  par- 
ticularly for  the  larger  heads,  and  it  is  accordingly 
seen  that  the  coefficients  become  less  for  heads  over 
six  inches,  with  a  few  exceptions.  The  measure- 
ments of  the  quantities  discharged  appear  to  have 
been  made  very  accuratel}^  yet  the  discharges  per 
second,  with  the  same  head  and  same  length  of  over- 
fall, sometimes  vary ;  for  instance,  with  the  plank 
2  inches  thick  and  10  feet  long,  the  discharge  per 
second  for  4  inches  head  varied  from  6*098  cubic 
feet  to  6'491  cubic  feet,  or  by  about  one-sixteenth  of 
the  whole  quantity.  Most  of  the  results,  however, 
are  means  from  several  experiments.  The  quantities 
discharged  varied  from  one-tenth  of  a  cubic  foot  to 
22  cubic  feet  per  second,  and  the  duration  of  the 
experiments  from  24  to  420  seconds.  If  the  coeffi- 
cients for  a  plank  10  feet  long  and  2  inches  thick 
in  the  foregoing  table  be  compared  with  those  for  the 
same  overfall  at  Chew-Magna,  it  will  be  seen  imme- 
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diately  how  much  the  form  of  the  approaches  affects 
the  discharge-  Indeed,  were  the  area  of  the  reser- 
voir at  Chew-Magna  even  larger  than  that  for  the 
Kennet  and  Avon  experiments,  it  would  be  found, 
notwithstanding,  that  the  coefficients  in  the  former 
would  still  continue  the  l|U'ger,  though  not  fully 
as  large  as  those  found  under  the  particular  cir- 
cumstances.* 

The  following  table  gives  the  mean  results  of  88 
experiments  made  by  Francis,  at  the  Lower  Lock, 
Lowell,  Massachusetts,  in  1852.  The  duration  of 
each  of  these  experiments  varied  from  180  to  822 
seconds.  The  coefficients  in  column  10  have  been 
calculated  by  the  author,  and  the  other  results  con- 
densed from  the  large  table  given  in  Francis'  Book.t 
The  heads  given  in  the  6th  column  are  those  which 


*  There  is  a  very  important  omission  in  idl  the  preceding  experi- 
ments on  weirs  and  notches.  In  Fig.  10,  for  instance,  it  would  have 
been  necessary  to  obtain  the  heads  at  A  B  and  a  &  in  each  experiment, 
above  the  crest,  and  also  the  head  on  and  a  few  feet  above  the  crest 
itself.  These  are,  perhaps,  best  calculated  by  means  of  the  observed 
velocity  of  approach.  They  would  indicate  the  resistances  at  the 
different  passages  of  approach,  and  enable  us  to  calculate  the  coeffi- 
cients correctly,  and  thereby  render  them  more  generllay  applicable  to 
practical  purposes.  The  coefficients  in  the  two  previous  tables  are  not 
as  valuable  as  they  otherwise  would  be  from  this  omission.  The  level 
of  still  water  near  the  banks  is  below  that  of  the  moving  water  in  the 
current ;  therefore,  heads  measured  from  still  water  must  give  laiger 
coefficients  than  if  taken  from  the  centre  of  the  current.  This  may 
account,  to  some  extent,  for  the  larger  coefficients  in  the  first  table, 
but  apart  from  this,  the  short  contracted  channel  immediately  above 
the  water&ll,  Fig.  9,  must  increase  the  velocity  of  approach,  and  conse- 
quently the  coefficients. 

t  Lowell  Hydraulic  experiments.     New  Tork,  1855. 
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1 

2 

8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 


I 


9-997 
9-997 
9-997 
7-997 
9-997 
9-995 
9-995 
9-997 
9-997 
9-995 
9-997 
9-997 
7-997 


o 

I 

t! 

IB 

ii 


1-65 
1-24 
1-00 
101 
1-05 
0-98 
1-00 
0-80 
0-82 
0-80 
0-62 
0-65 
0-68 


62-6 

45-6 

83-4 

26-8 

36- 

32-6 

33-6 

23-5 

25- 

23-9 

16-2 

17-5 

14-6 


6 


0*0 


•78 
•59 
-44 
-86 
•97 
•54 
•55 
•38 
•75 
-40 
•28 
•53 
•45 


156 

125 

1^00 

1^02 

1-06 

0^99 

1^01 

-80 

-83 

•80 

•62 

•66 

•68 


a 
I 


B 

It 


1-56 

125 

1-00 

1^02 

1-06 

•98 

1^00 

•80 

•88 

•80 

•62 

•65 

•68 


8 


1 1  I 

III 

a  ^  •« 

«  "-•  8 

tJ  o  o 

■S  II  •§ 

I  ""  a 


9 


a 

o    . 

00 

u 

o 

^1 

^a 

I 
So 

1^ 


62-6 
45  4 
32^5 
26-3 
358 
32-4 
38 '3 
23-4 
24-8 
23-8 
16-0 
17-2 
14-5 


8-32 
3 -88 
8-32 
3-86 
8-85 
8-84 
8 -38 
8-82 
8-84 
8-84 
3-33 
3  •33 
3-84 


10 


•621 
-623 
-621 
•628 
•626 
•624 
•623 
•621 
-624 
•624 
-623 
•628 
•623 


would  give  the  observed  dischai^e  from  the  formula 

D  =  J  c^  (2  </)H't. 
As  also  from  equation  (89) 

therefore, 

the  values  of  which  are  given  in  column  6.  The 
values  of  W  in  column  8  are  those  which  would  be 
found  by  resolving  the  equation 
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n  being  the  number  of  end  contractions,  and  c  a 
multiplier  varying  from  3*32  to  8*86. 

In  this  table  the  theoretical  head  tt"  =  '0155  r?  due 

to  the  velocity  of  approach  has  been  used  and  does 
not  exceed  '02  of  a  foot.     However,  this  head  is  much 

greater,  and  should  be  taken  =    i—r-o —  =    "04   vl  or 

thereabouts.  This  would  reduce  the  values  of  the 
coefficient  of  discharge  c^  in  the  10th  column.  The 
differences  between  h,  h\  and  h"  in  columns  8,  6,  and 
7  are  here,  practically,  of  little  moment,  and  the  value 
of  Cd  in  column  10  would  be  nearly  the  same  derived 
from  either.  The  crest  of  the  weir  experimented  upon 
was  1  inch  thick.  The  weir  measuring  10  feet  x  13 
inches  x  1  inch,  the  top  was  rounded  off  at  both 
arrises,  leaving  the  central  horizontal  portion  one 
quarter  of  an  inch  wide.  The  general  result  of  these 
experiments  verifies  the  ordinary  coefficient  for  notches 
in  thin  plates  from  *617  to  *628  for  the  value  of  c^. 

Professor  Thomson's  exx>eriments  with  right-angled 
triangular  notches,  in  thin  plates,  give  a  mean  coeffi- 
cient of  -617.     Vide  Note  p.  42. 


HEAD,   AND  FROM  WHENCE   MEASURED. 

By  referring  to  Table  I.,  it  is  seen  that  there  is  a 
difference  in  the  coefficients  as  obtained  from  heads, 
measured  on  and  above  the  orifice.  This  difference  is 
greater  in  notches,  or  weirs,  than  in  orifices  sunk 
below  the  surface ;  and  when  the  crest  of  a  weir  is  of 
some  width,  the  depths  upon  it  var}\    In  the  Kennet 
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and  Avon  experiments,  the  heads  measured  from  the 
surface  of  the  water  in  the  reservoir,  and  the  depths 
at  the  "  outer  edge**  (by  which  is  understood  the  lower 
edge)  of  the  crest  were  as  follows : — 


DIFFERENCE  OF  HEADS  MEASURED  ON  AND  ABOVE  WEIRS. 


•ss 

h    to 


n 


1 

2 
3 

4 
5 
6 
7 
8 
9 
10 


Heads  on  crests 
2  in  dies  thick. 


M 


g 


-9> 


\ 


8to2{i 
8i 


61 


1« 
3i 

88 


Heads  on  crests  3  feet  wide. 


CO  o 


8 

•  •  • 

If 

2i 
21 


feet  long, 
rest  slope 

feet  long, 
rest  slope 
linl2. 

feet  long, 
rest  level 

0  feet  long, 
rest  level. 

oa  o 

eo  o 

CO  o 

»-•  o 

•  ■  • 

i 

i 

i 

•  •  • 

■  •  • 
•  •  • 

•  •  • 
■  •  • 

litoli 

^i 

H 

•  •  • 

•  •  • 

1} 

•  •  • 

•  •   • 

ij 

•  •  • 

•  •  • 

2f 

21 

2i 

2| 

•  «  • 

•  •  • 

•  •• 

•  •   • 

•  •  • 

31 

■  •  • 

•  •  • 

4i 

3i 

•  •   • 

■  •    ■ 

■   V   • 

4 

o  , 

r-i  O 


ft 

•  •  • 

•  •  • 

2i 

•  ■  • 

34 


No  intermediate  heads  are  given,  hut  those  registered 
point  out  very  clearly  the  great  differences  which  often 
exist  between  the  heads  measured  on  a  weir,  or  notch, 
and  those  measured  from  the  still  water  above  it ;  and 
how  the  form  of  the  weir  itself,  as  well  as  the  nature 
of  the  approaches,  alters  the  depth  passing  over.  On 
a  crest  2  feet  wide,  with  14  J  inches  depth  on  the  upper 
edge,  we  have  found  that  the  depth  on  the  lower  edge 
is  reduced  to  llj  inches,  or  as  1'26  to  1.  The  head 
taken  from  8  to  20  feet  above  the  crest,  where  the 
plane  of  the  approaching  water  surface  becomes  curved, 
is  that  in  general  which  is  best  suited  for  finding  the 
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discharge  by  means  of  the  common  coefficients,  but  a 
correct  section  of  the  channel  and  water-line,  showing 
the  different  depths  upon  and  for  some  distance  above 
the  crest,  is  necessary  in  all  experiments  for  deter- 
mining accurately  by  calculation  the  value  of  the 
coefficient  of  discharge  c^, 

Du  Buat,  finding  the  theoretical  expression  for  the 
discharge  through  an  orifice  of  half  the  depth  h, 

equation  (6) 

^llhy/^Jhx  |l  -  (i)H=  -646  X  ^lh\/2gh, 

to  agree  pretty  closely  with  his  experiments,  seems 

h  . 
to  have  assumed  that  the  head  h  is  reduced  to  -o  in 

passing  over.  This  is  a  reduction,  however,  which 
never  takes  place  unless  with  a  wide  crest  and  at  its 
lower  edge,  or  where  the  head  h  is  measured  at  a  con- 
siderable distance  above  the  weir,  and  when  a  loss  of 
head  due  to  the  distance  and  obstructions  in  channel 
takes  place.  When  there  is  a  clear  weir  basin  imme- 
diately above  the  weir,  the  author  has  found  that, 
putting  h  for  the  head  measured  from  the  surface  in 
the  weir  basin,  and  h^  for  the  depth  on  the  upper  edge 
of  the  weir,  that 

(32.)  A  -  Aw  =  '14  \/ 1; 

for  measures  in  feet,  and 

(33.)  h-K  =  -48  VT, 

for  measures  in  inches.     The  comparative  values  of 

A  and  A^  depend,  however^  a  good  deal  on  the  particular 
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circumstances  of  the  case.  Dr.  Robinson  found* 
h  =  I'lll  /i^,  when  h  was  about  5  inches.  The 
expressions  given  are  founded  on  the  hypothesis,  that 

/i  —  A^  is  as  the  velocity  of  discharge,  or  as  the  n/^ 
nearly.  For  small  depths,  there  is  a  practical  difficulty 
in  measuring  with  sufficient  accuracy  the  relative 
values  of  h  and  h^.    Unless  for  very  small  heads  the 

h  h 

sinking  will  be  found  in  general  to  vary  from  Th  to  -;^> 

and  in  practice  it  will  always  be  useful  to  observe  the 
depths  on  the  weir  as  well  as  the  heads  for  some  dis* 
tances  (and  particularly  where  tlie  widths  contract) 
above  it. 

In  order  to  convey  a  more  definite  idea  of  the 
differences  between  the  coefficients  for  heads  measured 
at  the  weir,  or  notch,  and  at  some  distance  above  it, 

assume  the  difference  of  the  heads  A  —  A-  =   —  ; 

^  r 

then  T — T"  ^  ^9  ftnd  -  =  — , —  , 

hence  h  = A-  8^d  Ju,= — — ^  h. 

r       ^  ^    r  +  1 

Now  the  discharge  may  be  considered  as  that  which 

would  take  place  through  an  orifice  whose  depth  is  h^ 

with  a  head  over  the  upper  edge  equal  to  ft  —  A^ 

=  -  V";  hence  from  equation  (6)  the  discharge  is  equal  to 
and  substituting  for  ft  its  value  f ft^J  ,  then  the 

*  Proceedings  of  the  Royal  Irish  Academy,  vol.  iv.  p.  212.     ^ 
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value  of  the  discharge  is 

(84.)    i>  =  liA,V2P,xca{(n-J)*-(iy}. 
As  the  value  would  be  expressed  by 

if  the  head  h  ^  h^  were  neglected,  it  is  evident  the 
coefficient  is  increased,  under  the  circumstances,  from 
Cd  to 

or,  more  correctly,  the  common  formula  has  to  be 

multiplied  by  Tl  +  - )'  —  (~  )*,  to  find  the  true  dis- 
charge, and  the  value  of  this  expression  for  di£Serent 

values  of  -  =  w  will  be  found  in  Table  IV.    If  it  be 
r 

supposed  that 

n  —  K=  Y6*     ^^  r  "^  10  ~  ^' 

and  find  from  the  table  ^1  +  Ij  -  (J)*  =  1-1221. 

Now  if  the  value  of  c^  be  taken,  for  the  full  head  A,  to 
be  '628,  then  will  1*1221  x  "628  =  -705,  rejecting 
the  latter  figures,  be  the  coefficient  when  the  head  is 

1        2 

measured  at  the  orifice;  and  if  ~"  =  jn  =  w>  then  in 

the  same  manner  the  new  coefficient  would  be  found  to 
be  1-2251  X  -628  =  -769  nearly.  The  increase  of  the 
coefficients  determined,  page  65,  from  Mr.  Ballard's 
experiments  is,  therefore,  evident  from  principle,  as 
the  heads  were  taken  at  the  notch ;  and  it  is  also  pretty 
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clear  that,  in  order  to  determine  the  true  discharge^  the 
heads  both  on,  at,  and  above  a  weir  should  be  taken. 
Most  of  the  discrepancies  in  the  coeflScients  determined 
from  experiment  have  arisen  from  imperfect  and  limited 
observations  of  the  facts.  Amongst  these  the  velocity 
of  approach  should  never  be  neglected  by  observers, 
as  its  effect  on  the  discharge  is  often  considerable  in 
increasing  the  quantity.  The  effect  of  the  form  of  the 
weir  and  approaches  is  scarcely  ever  sufficiently  con- 
sidered by  professional  men.  Most  of  the  discussions 
which  arose  with  reference  to  the  gaugings  on  the 
Metropolitan  Main  Drainage  Question  would  have 
been  obviated  if  the  calculators,  or  engineers,  had 
taken  into  accoimt  the  different  circumstances  attendant 
on  it,  instead  of  applying  generally  a  formula  suited 
to  a  particular  case,  namely,  a  thin  crest,  a  small  notch, 
and  a  large  body  of  water  immediately  above  it ;  and 
applied  a  correct  formula  for  including  the  effects  of 
the  velocity  of  approach. 

The  two  following  tables  have  been  reduced  to 
English  feet  measures,  from  Boileau's  experiments ; 
they  show  the  relation  of  the  head  to  the  depth  on  the 
crest  at  the  upper  arris.  The  coefficient  for  the  head 
h  being  known,  that  due  to  h,,  on  the  weii*,  may  be 
calculated  from  equation  (84). 

If  the  head  hy^  were  used  instead  of  h,  to  calculate 

h 
the  discharge,  then  when  j-  =  1*2,  a  coefficient  of  '628 

for  the  head  h  would  become  '769  for  the  head  h^  in 
equation  (34).  For  -  =  '2,  and,  therefore,  Table 
IV.,  -628  X  (l-2)i  -  (-2)^  =  -628  x  1-2251  =  '769. 


ORIFICES,    WEIRS,   PIPES,  AND  RIVERS, 


79 


Table  showing  the  ratio  of  (he  head,  h,  to  the  depth,  h^  on  a  Plank 
Weir  of  th^  full  width  of  the  Channel,  immediately  at  the  upper  edge, 

or  -j-t  »ce  eqtuUion  (33),  when  the  sheet  of  water  is  free  after  passing 
ever,  with  air  under  it. 


1 
1 

Values  of  the  head  h  divided  by  the  thickneas  of  the  sheet  cf 
water  pasaing  over  the  weir  immediately  at  the  upper  edge ; 

Held  A 

A 

average  "r-  = 

^  =  1*2  between  heads  of  3  and  14  inches. 

in  feet 

Height  of 

weir  In  feet» 

•86'. 

Height  of 
weir  in  feet, 

lor. 

Height  of 

weir  in  feet, 

1-38'. 

Height  of 

weir  n  feet, 

1-71'. 

•1 

1^839 

•  •  • 

•  •  • 

1-285 

•13 

1'282 

•  ■  • 

1-320 

1-250 

•16 

1-260 

■  •  • 

1-285 

1*228 

•20 

1^234 

1-243 

1-249 

1-214 

•23 

1^223 

1-232 

1-231 

1-205 

•26 

1-216 

1-232 

1-223 

1-200 

•3 

1-212 

1-228 

1-218 

1-199 

•38 

1-210 

1-225 

1-217 

1-199 

•89 

1^206 

1-221 

1112 

1-197 

•46 

1-202 

1-216 

1-206 

•  ■  ■ 

•53 

1-199 

1-201 

•59 

1-196 

•    ■  •  V 

1-195 

•66 

1-192 

1-191 

•82 

1-186 

•  •  • 

•99 

1-184 

■mm  9 

115 

1 

1-182 

■  •  • 

If  the  head  %^  were  used  instead  of /tto  calculate  the  dis- 

charge,  when  t-  =  1*25,  Table  next  page,  then  a  coeffi- 
cient of  '628  for  the  headA would  become  'TOOfor  the  head 
h^  n  equation  (84).     For  —  =  '25 ;  and,  therefore,  the 

T 

value  of  ed{(l  +  J)*-(^)*},TABLElV.,is-628 

X  (1-26)1  —  (-25)1  =  -628  x  1-2726  =  -799.  And  so 
on  we  may  calculate  the  value  of  the  coefficient  to 
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be  applied  to  the  depth  hy,  on  the  weir,  for  any  other 
ratios  between  h  and  h^  by  means  of  equation  (34). 


Table  shatnng  the  ratio  r— ,  equoUion  (83),  when  the  sheet  of  toater 

hw 
passing  over  is  in  contact  toUh  the  crest  and  toith  the  toater  imtM' 

diately  helow  a  Plank  Weir, 


Values  of  r~  for  different  heighta  of  weirs  and  for  dilSbrent 

heads;  mean  ^alue  for  heads  between  8  and  14  inches,  equal 

HeadJk 

\  =  1-25. 

iQfeet 

Height  of  weir 
fa  feet. 

Height  of  weir 
in  feet, 

Height  of  weir 
faifeet, 

1-or. 

ir. 

1-38'. 

•43 

•  •• 

1-283 

>  •  ■ 

•46 

•  «  • 

1-276 

1-291 

•49 

1^266 

1-266 

1-281 

•68 

1^250 

1-268 

1-271 

•69 

1-236 

1-246 

1-264 

•66 

1-226 

1-232 

1-241 

•73 

1-216 

1-228 

•79 

1-208 

1-216 

.      -86 

1^202 

1-208 

•92 

1^198 

1-203 

•99 

a  •  • 

1-198 

Boileau  made  some  valuable  experiments  at  Metz, 
which  were  published  in  1854.  They  give  the  follow- 
ing results  for  vertical  plank  weks  extending  from  side 
to  side  of  the  channel,  when  the  water  passed  over 
without  adhering  to  the  crest : — 

Height  of  wehr  over  bot- 
tom of  chaamel  in  feet 

8- 
1^8 
•6 


Head  above. 

Mean  coefllelent 

•2    to  1^6 

•645 

•16  to    ^5 

•622 

•15  to    -26 

•625 

When  the  water  passing  over  adhered  to  the  crest, 
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and  no  air  between  the  sheet  passing  over  and  the 
water  below  the  weir,  the  experiments  gave 

^^^of 'i.;^;f  S^f^t-  Head  above.  Mean  coefficient 

2-  1-      to  1-6  -694 

1-8  -6    to  1-8  -690 

•6  -36  to  1-8  -675 

When  the  plank  weir  leant  up-stream  4  inches  to  a 
foot,  the  mean  value  of  Cd  was  '620,  the  height  of  weir 
being  1*5  foot,  and  with  heads  from  *28  to  '5  foot. 
When  its  crest  was  roimded  to  a  semi-cylinder,  the 
coefficient  was,  with  a  head  of  '26  foot,  '696,  and  witli 
a  head  of  '62  foot,  '848  ;  the  water  adhering  to  the  crest. 
With  a  head  of  '6  foot  the  coefficient  was  '867,  andwitli 
a  head  of  '86  foot,  '840,  when  the  water  passed  over 
without  air  between  it  and  the  water  below  the  crest. 
The  following  tables  give  the  experimental  and  reduced 
coefficients  for  vertical  plank  weirs  of  different  heights, 
and  with  different  heads,  when  the  water  passes  over 
in  a  full  sheet,  and  also  when  it  adheres  to  the  crest 
and  joins  it  and  the  lower  water.  Also  for  plank  weirs 
suitable  for  sluices,  leaning  up-stream  with  a  slope  of 
one-third  horizontal  to  one  vertical. 
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CoEFFiciEXTs  of  Vertical  Plank  Weirs  at  riglU  aiuflcs  to  the  Channel, 
when  the  edge  is  cltaw/ered  at  tlic  lower  arris,  and  tohen  the  head 
passing  orxr  is  in  contact  with  the  waUr  at  and  below  the  Weir ;  or 
tchen  the  water  immediately  below  the  Weir  rises  to  the  crest.  Th^ 
maximum  coefficient  ;733  appears  to  obtain  wJien  the  height  of  (Ae 
Weir  is  double  (hi  depth  passing  over  the  crest. 


Heights  of  weirs,  in  feet,  over  the  bottom  of  the  channel,  and 

"^-^     eonre&ponding  vaklues  of  the  coefficient  of 

dlsoharge  ca  ^  ^^ 

lead 

n/e( 

formula  v  =  e^x  Iv^y 

h. 

h5 

,   -66' 

•82' 

•99' 

115' 

1^32' 

1-48' 

1^65' 

1^81' 

■ 
1-98' 

•30 

•80     -727 

•33  1  -724 

•33 

•36     ^721 

•36 

•39     -718 

•39 

•43  .   714 

•43 

•46     ^709 

•46 

•49  ;  -702 

•708 

•715 

•724 

•49 

•53  :  -694 

•699 

•708 

•718 

•53 

•56     ^687 

•693 

•700 

•712 

•7*29 

•56 

•59     -679 

•687 

•694 

•705 

•721 

•59 

•63      676 

•682 

•689 

•700 

•717 

•63 

•66  '  -672 

•678 

•684 

•696 

•714 

•66 

•73  ;  -667 

•672 

•678 

•690 

•708 

•733 

•73 

•79     -661 

•666 

•673 

•685 

•705 

•729 

•79 

•86     655 

•660 

•669 

•681 

•700 

•724 

•86 

•92  1   648 

•655 

•666 

•678 

•699 

•720 

•92 

•99  .  -640 

•652 

•666 

•678  1  -693 

•703 

•712 

•720 

•729 

•99 

105     631 

•645 

•657 

•669 

•681 

•691 

•702 

•711 

•720 

1^05 

1-12  ,  -6-27 

•636 

•646 

•657 

•667 

•679 

•690 

•700 

•711 

1^12 

119  '  -626 

•686 

•646 

•657 

•666 

•675 

•685 

•694 

•708 

1-19 

1-25      6-25 

•636 

•646 

•667 

•666 

•675 

•682 

•690 

•696 

1-25 

1-32     -625 

•636 

•646 

•657 

•666 

;673 

•679 

•685 

•691 

132 

1-89 

•666 

•672 

•678 

•682 

•684 

1-39 

1-45 

••  • 

•664 

•670 

•675 

•679 

•684 

1-45 

1-52 

•661 

•667 

•672 

•676 

•681 

1-52 

1-58 

•658 

•663 

•669 

•672 

•676 

1^58 

1-65 

1    — 

•655 

•658 

•663 

•666 

•667 

1-65 

^  The  effect  of  the  form  of  the  crest  in  increasing  the 
coefficients  is  distinctly  observable  in  the  next  table, 
^although  the  weirs  experimented  on  overhung  the  water 
above,  between  the  crest  and  the  bottom  of  the  channel* 


o  2 
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The  following  table  gives  the  result  of  experiments- 
on  chamfered  plank  weirs,  for  gauging,  extending  across 
a  channel  at  right  angles  to  it,  when  the  back-water 

Table  of  ExpcriTneiUaZ  Coefficients  for  Plank  Weirs  leaning  up-stream  y. 
when  the  crest  has  the  downrStreai/i  arris  rounded  to  a  quadrani  ;  and" 
when  the  crest  is  cylindrical  and  projecting  up-stream  in  the  form  of 
a  knob. 


Head  A 
in  feet 

Plank  weir  leaning  up-stream 
one-tblrd  to  one;    the  lower 
arris  of  crest  rounded  off  to  a 
quadrant  of  a  circle  with   a 
radius  the  full  thickness   of 
the  plank. 

1 

Flank  weir  loaning  upwardB 
one-third   to   one,    the   crest 
rounded    and    projecting    in 
front  beyond  the  plank,  so  an 
to  be  thicker  than  it. 

Water  free 

from  curre  of 

crest  13  foot 

thick. 

Water  in 
contact  with 
curve  of  crest 
•17  foot  thick. 

Water  in 
contact  with 
curve  of  crest 
-3  foot  tMck. 

Water  in 
contact  with 
curve  of  crest 
-33  foot  thick.  , 

•16 
•20 
•23 
•26 
•80 
•33 
•86 
•39 
•43 
•46 
•49 
•53 
•56 
•59 
•63 
•66 
•69 
•72 

•589 
•689 
•594 
•612 
•633 
•642 
•649 
•655 
•661 
•667 
•676 
•679 
•685 

•  •  • 

•  •  • 

•  •  • 

«  •  * 
■  ■  • 

•651 
•672 
•697 
•697 
•721 
•747 
•766 
•768 
•795 
•802 

•  •  • 

•  •  • 

•  •  • 

•  ■  • 

•  •  • 

•604 
•625 
•648 
•669 
•687 
•702 
•716 
•729 
•741 
•753 
•762 

•  •• 

•  •  • 

•  •  ■ 

•  •  • 

... 

•  •  • 

•670 

•686 

•700 

•714 

•727 

•741 

•763        1 

•765        * 

•776 

•786 

•795 

•802        i 

•808 

•813 

t 

below  was  joined  to  the  head-water  at  passing  over,  and 
when  there  was  no  air  between  : — 


"} 


feet 


66 


Height  of  weir  over  the  bottom  of 
tiie  channel  below  . 

Heads  paaeing  over  tiie  weir  in  eadi  1 
case,  whoi  absorbed  at  the  crest  v-23 
into  the  back-water  .} 


feet 
•88 


feet 
1-00 


feet 
116 


feet 
1-8S 


feet 
1*48 


feet 
1-65 


feet 
2-0^ 


■31     •ss    ^45    -51    •»    u^    -ya 
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\vhicli  shows  that  the  head  was  drowned  (noyee)  when 
the  depth  of  the  lower  channel  below  the  crest  of  the 
weir  was  less  than  2 J  times  the  head  passing  over, 
taking  a  general  average. 

It  is  necessary  here  to  protest  against  the  nota- 
tion adopted  by  Boileau,  Morin  and  others,  of  giving 
only  two-thirds  of  the  coefficient  of  dischai'ge,  c^,  for 
notches  and  weirs,  instead  of  the  full  and  true  value. 
The  correct  formula  for  the  discharge  from  a  notch  or 

weu-  is  B  =-lh  \A2 g h.  Now  they  assimie  a  coeffi- 
cient due  to  an  incoiTect  foimula  d  =z  I  h  \/  2  g  h, 
which  reduces  c^  to  -  q  to  give  the  same  final  results. 

This  leads  also  to  an  unnecessary  distinction  between 
the  coefficients  of  orifices  at  the  surface,  or  notches, 
4ind  orifices  sunk  to  some  depth,  which,  practically, 
have  the  same,  or  nearly  the  same,  general  value.  Mr. 
Hughes,  at  p.  828  of  his  useful  treatise  on  Water-works, 
iii-st  edition,  falls  into  the  same  error,  for  the  theore- 
t,ical  dischai'ge  per  minute  over  a  weir  one  foot  long  is 

4321  h*y  and  not  481  h*,  as  he  sanctions.  In  the  edition 
of  1872,  however,  p.  876,  he  gives  both,  with  a 
•common  factor  m,  giving  Mr.  Blackwell  as  an  authority 
for  the  former.  The  factor  m  must  be  the  coefficient 
of  discharge  and  cannot,  in  the  same  case,  have  two 
different  values.  The  coefficients  for  a  notch  and  an 
orifice  are  substantiaUy  the  same  if  correct  formuXa  for 
the  tluoretical  discharges  be  adopted. 
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SECTION  IV. 

TARIATIOXS  IN  THE  COEFFICIENTS  ITIOM  THE  POSITIOX- 
OF  THE  ORIFICE. — GENERAL  AND  PARTIAL  CONTRAC- 
TION.— VELOCITY  OF  APPROACH. — CENTRAL  AND  MEAN 
VELOCITIES. — PRACTICAL  FORMULA  FOR  THE  DIS- 
CHARGE  OVER  WEIRS  AND  NOTCHES. 

A  glance  at  Table  I.  will  show  that  tlie  coefficients^ 
increase  as  tlie  orifices  approach  the  surface,  to  a 
ceiiain  depth  de2)en(lent  on  the  ratio  of  the  sides,  and 
that  this  increase  increases  ^vith  the  ratio  of  the  length 
to  the  depth  :  some  experimenters  have  found  the 
increase  to  continue  uninterrupted  for  all  orifices  up  to 
the  surface,  hut  this  seems  to  hokl  onlj'  for  depths, 
taken  at  or  near  the  orifice  when  it  is  square  or  nearly 
so  :  it  has  also  been  found  that  the  coefficient  increases, 
as  the  orifice  approaches  to  tlie  sides  or  bottom  of  a 
vessel :  as  the  contraction  becomes  imperfect  the  co- 
efficient increases.  These  facts  probably  aiise  from 
the  velocity  of  approach  being  more  dii'cct  and  concen- 
trated under  the  respective  circumstances.  The  lateral 
orifices  A,  D,  c,  D,  E,  F,  G,  H,  I,  and  k,  Fig.  11,  have 
coefficients  differing  more  or  less  from  each  other.  The 
<H)efficient  for  a  is  found  to  be  larger  than  eitlier  of 
those  for  b,  c,  e,  or  d  ;  that  for  g  or  k  larger  than  that 
for  H  or  I ;  that  for  H  larger  than  that  for  i ;  and  that 
for  F,  where  the  contraction  is  general,  least  of  all.. 
The  contraction  of  the  fluid  on  entering  the  orifice  p 
1  emoved  from  the  bottom  and  sides  is  complete ;  it  is. 
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termed,  therefore,  "general  contraction ;"  that  at  the 
orifices  A,  b,  o,  h,  i,  k,  and  d,  is  interfered  mth  bythe 
sides ;  it  is  therefore  incomplete,  and  termed  "jiortiol 
contraction."  The  increase  in  the  coefficients  for  the 
same-sized  orifices  at  the  same  mean  depths  may  be 


assumed  as  proportionate  to  the  length  of  the  perimeter 
at  which  the  contraction  is  partial,  or  from  which  the 
lateral  flow  is  shut  off;  for  example,  the  increase  for 
the  orifice  a  is  to  that  for  h  as  c  d  -}-  d  e  ;  d  e ;  and  in 
the  same  manner  the  increase  for  a  is  to  that  for  e  as 
cd  +  de:  cd.  Ifnbe  put  for  the  ratio  of  the  con- 
tracted portion  e  d  «  to  the  entire  perimeter,  and,  as 
before,  e^  for  the  coefficient  of  general  contraction,  then 
the  coefficient  of  partial  contraction  is  equal  to 
(86.)  ca  +  -09  n  =  fd  +  *1  n  nearly, 

for  rectangular  orifices.  The  value  of  the  second  term 
*09  n  is  derived  from  various  experiments.  If  '617  be 
taken  for  the  mean  value  of  c^,  the  expression  may  be 
changed  into  the  form  (1  +  '146  n)  c^.  When  n  =  ^, ' 
this  becomes  1'086  Cj ;  when  n  =  ^,  it  becomes  1*078 
e  ;  and  when  n  =  |,  contraction  is  prevented  for 
three-fourths  of  the  perimeter,  and  the  coefficient  for 
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partial  contraction  becomes  1*109  q.  The  form  which 
is  given  in  equation  (35)  is,  however,  tiie  simplest ; 
but  the  value  of  n  must  not  exceed  J.  If  in  this  case 
Cd  =  '617,  the  coejficient  for  partial  contraction  be- 
comes -617  +  -09  X  f  =  -617  +  -067  =  -684.  Bidone's 
experiments  give  for  the  coefficient  of  partial  contrac- 
tion (1  +  '152  n)  Cd ;  and  Weisbach's  (1  +  '182  n)  c^. 

VARIATION  IN  THE   COEFFICIENTS   FROM  THE   EFFECTS 
OF  THE   VELOCITY  OF   APPROACH, 

Heretofore  it  has  been  generally  supposed  that  the 
water  in  the  vessel  is  almost  still,  its  surface  level  un- 
changed, and  the  vessel  consequently  large  compared 
with  the  area  of  the  orifice.  When  the  water  flows  in 
a  channel  to  the  orifice  with  a  perceptible  velocity,  the 
contracted  vein  and  the  discharge  are  both  found  to  be 
increased,  other  circumstances  being  the  same.  If 
the  area  of  the  vessel  or  channel  in  front  exceed  thirty 
times  that  of  the  orifice,  the  discharge  will  not  be  per- 
ceptibly increased  by  the  induced  velocity  in  the  con- 
duit ;  but  for  lesser  areas  of  the  approaching  channel, 
corrections  due  to  the  velocity  of  approach  become 
necessary*  It  is  clear  that  this  velocity  may  arise 
firom  either  a  surface  inclination  in  the  channel,  an* 
increase  of  head,  or  a  small  channel  of  approach  sup- 
plied in  some  way. 

Equation  (6)  gives  the  discharge  from  a  rectangular 
orifice  A,  Fig.  12,  of  the  length  {,  with  a  head  measured 
from  still  water 
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in  which  Iv^  and  h^  are  measured  to  the  surface  at  some 
distance  back  from  the  orifice,  as  shown  in  the  section* 
The  water  here,  however,  must  move  along  the  channel 
towards  the  orifice  with  considerable  velocity.  If  A  be 
the  area  of  the  orifice,  and  c  the  area  of  the  channel^ 
it  may  be  supposed,  with  tolerable  accuracy,  that  this 


velocity  is  equal  to  -fo,  in  which  v^  represents  tlie 

mean  velocity  in  the  orifice.  If  the  velocity  of  approach 
be  represented  by  r»,  then 

(36.)  ^»  =  ^  X  «'o, 

and  consequently  the  theoretical  height  due  to  it — the 
same  as  when  there  is  no  contraction  at  the  vena-con- 
tracta — ^is 


/ 


..a 


(87.) 


and  taking  the  head  due  to  contraction, 
&c.|  into  account 


\ 


c 


''^gcl 


=  -0155 


^1. 
c|c«  J' 


in  feet  measures.*    The  height  h^  may  be  considered 

*  Whan  the  •ppraMdung  ydoeity  paaiea  thmragh  the  orific.  without 
eontnctioii,  it  is  erident  tint  the  head  h,  reqnired  to  produce  that 


(40.) 
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as  an  increase  of  head,  converting  h^  into  Ai,  +  h„  and 
*t  into  h^  +  /r».  The  discharge  therefore  now  be« 
comes 

(88).     D  =  \c^W^  { (*b  +  AJ'*-  (At  +  W*}; 
which,  for  notches  or  weirs,  is  reduced  to 

(89.)      D  =  I  Cd  V2^  { {K  +  Kf  -K^],* 

as  hx  then  vanishes.  As  d  is  also  equal  to  a  X  v„  equa- 
tion (87)  may  be  changed  into 

/      _  D»        1   _  -0155  d'  ) 
'''-c*      2^  c^       J' 

and  taking  the  head  due  to  contraction^ 
&c.,  into  account, 

D«       _J_  _  -0155  D*  ) 

in  feet  measures. 

If  this  value  for  h^  be  substituted  in  equations  (88) 
and  (89),  the  resulting  equations  will  be  of  a  high 
order  and  do  not  admit  of  a  direct  solution ;  and  in 


velocity  in  the  orilicc,  vntk  eowLradUm  outside  at  the  vena-conirdctay 
must  be  h.  -«  ,15    x   j,—  ' — ^  instead  of  A.  =  -ts,  x   ^  "  *      In    like 

manner  7t,  =  ^s'  w*o~;  =  '04  vl  in  feot  measures  when  v,  is  the  velo- 

city  of  approach  and  ca  »  *C17. 

*  The  formula  for  the  dischaigo  over  weirs,  taking  into  account  the 
velocity  of  approach,  d  =  2-96  Cr  I  VA  +  '115  »:,  given  by  D'Au- 
buisson,  "Traite  Hydraulique,"  seconde  Wtion,  pp.  78  et  95,  and 
adopted  by  some  English  writers  and  engineers,  is  incorrect  in  principle. 
In  feet  measure  it  becomes  D= 6*35  Ga  Ih  h  V  /t  +  '03494  v\  which 
/(>rm,— with  alterations  in  the  numerals  and  measures,  was  used  for 
calculating  discharges  of  sewers  during  the  HsTfiOFOUTAK  Main 
Bbainagb  discussion. 
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(88)  and  (89),  as  they  stand,  h^  involves  impUcitljr 
the  value  of  d,  which  is  what  is  sought  for.  By 
finding  at  first  an  approximate  value  for  the  velocity 
of  approach,  the  height  h^^  due  to  it  can  easily  he 
found,  equation  (87);  this  height,  substituted  in  equav 
tion  (88)  or  (89),  will  give  a  closer  value  of  d,  fi*oni 
which  again  a  more  coiTect  value  of  h^  can  be  deter- 
mined ;  and  by  repeating  the  operation  the  values  of 
i>  and  h^  can  be  had  to  any  degree  of  accuracy.  In 
general  the  values  found  at  the  second  operation  will 
be  sufficiently  correct  for  all  practical  purposes. 

It  has  been  ah*eady  observed  that,  for  orifices,  it  ia 
advisable  to  find  the  discharge  fi'om  a  formula  in 
which  only  one  head,  that  at  the  centime,  is  made 
use  of;  and  tliough  Table  IY.,  as  shall  be  shown,. 
enables  us  to  calculate  the  discharge  with  facility  from 
either  formula,  it  will  be  of  use  to  reduce  equation 
(88)  to  a  form  in  which  only  the  head  (A)  at  the  centre 
is  used.  The  error  in  so  doing  can  never  exceed  six 
per  cent.,  even  at  small  depths,  equation  (81),  and  this, 
is  more  than  balanced  by  the  observed  increase  in  the 
coefficients  for  smaller  heads. 

The  formula  for  the  discharge  from  an  orifice,  hy 
being  the  head  at  the  centre,  is 

and  when  the  additional  head  h^,  due  to  the  velocity  of 
approach,  is  considered, 

D  =  Cd  V525f(/i+70   X  A, 

which  may  be  changed  into 

(41.)*  D  =  Av/277t  X  ^4  ^■*"  fc    }  ** 

*  See  equation  (41  a),  Section  YII.  ii^fra. 
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equation  (39),  for  notches,  may  be  also  changed  to  the 
form 

this  is  similar  in  every  way  to  the  equation 

for  the  discharge  from  a  rectangular  orifice  whose 
<lepth  is   c/,   with   the   head   At,  at   the   upper   edge. 

Table  III.  contains  the  values  of  -j   1  +  ^^  >  '^  in 

equation  (41),  and  Table  IV.  the  values  of 

t  1+  ^  y  —  i~~  y  in  equation   (42),  or  the   similar 

expression  in  (43),      -*  or^  being  j)ut  equal  tow;  and 

it  may  be  perceived  that  the  eflfect  of  the  velocity  of 
approach  is  such  as  to  increase  the  coefficient  from  c^ 

to  Cd  j  1  +  y^  ?- '  for  orifices  sunk  some  distance  be- 
low the  surface,  in  which  h  is  tlie  depth  of  the  centre  of 
the  orifice ;  and  into 

for  weirs  when  //» is  the  height  due  to  the  velocity  of 
approach,  and  Ab  the  head  on  the  weir.  A  few  ex- 
4imples,  showing  the  application  of  the  fonnulse  (41), 
<42),  and  (43),  and  the  application  of  Tables  I.,  II., 
III.,  and  IV.  to  them,  will  be  of  use.  Suppose, 
for  the  present,  the  velocity  of  approach  v,^  to  be 
given,  and  no  extra  head  required  to  maintain  it 
dirough      the     orifice  :     in      other     words,     when 
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h^  = :>       „  =  "017  vl  in  feet  measures  nearly. 

•      2^  X -9562  •  ^ 

Example  I.  A  rectangtdar  orifice,  12  inches  wide 
by  4  inches  deep,  has  its  centre  placed  4  feet  belom 
the  surface,  and  the  water  approaches  the  head  with 
a  velocity  of  28  inches  per  second ;  what  is  the  dis- 
charge ? 

For  An  orifice  of  the  given  proportions,  and  sunk 
to  a  depth  nearly  four  times  its  length,  find  firom 
Table  I. 

c^  =:6i6+w^.62l  nearly. 

As  the  coefficient  of  velocity,  equation  (2),  for  water 
flowing  in  a  channel  is  about  '956,  find  from  colunm 
No.  8,  Table  II.,  the  height  h^=l^  =  1'125  inch 
nearly,  corresponding  to  the  velocity  28  inches.  Equa- 
tien  (41), 

i>=AV27ftXQ|l+^}*, 

now  becomes 

D=12x4V27fcX-62l|  l  +  i^??|t 

Also  find  V~2gh  =192*6 inches,  when  ft =48  inches, 
in  Table  II. ;  therefore 

D=12x4xl92-6x-62l|  1+'-^}* 

=9244-8  X -621  {1  +  -0234}*  =  92448 X -621  x  1-0116, 
(as  {1-0284}^=1-0116  from  Table  in.)=9244-8  X  -628 
nearly  =  5805-7  cubic  inches  =  3-86  cubic  feet  per 
second.  Or  thus:  The  value  of  '621  x  (1'0284) 
being  found  equal  "628,  D=AX-628\/2jx4a  Now 
for  the  coefficient  '628,  and  ft =48  inches.  Table  II. 
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gives  us  -628  y/2  gxA8  =  120*96  inches ;  hence  d  = 
12  X  4  X  120-96  =  5806-08  cubic  inches  =  8-86  cubic 
feet,  the  same  as  before,  the  difference  of  '88  in  the 
<cubic  inches  being  of  no  practical  value. 

If  hg,  be  found  from  the  formula  //|^=  —  *  « >  then  is 

7/^=2-6  inches,  and  the  discharge  becomes  d=8'40 
•cubic  feet  nearly. 

If  the  centre  of  the  orifice  were  witliin  1  foot  of  the 
^surface,  the  effect  of  the  velocity  of  approach  would  be 
much  greater ;  for  then 

^dx|l+^'|*  =  (from  Table  I.)  -628 

1  +L^  U  =  (from  Table  III.)  ^628  x  1-047= 

"652  instead  of  -628.     In  this  case  the  dischaige  is  d  = 

12x4x  -652  V2(7  x~i2=12  x  4  x  -652x96-8  (from 
Table  II.)  =  12  x  4  X  62-8  =  8014'4  cubic  inches  = 
1*744  cubic  feet  per  second.     Or  find  the  value  of  "652 

V  2  (J  h  directly  from  Table  II.  thus  : 

The  value  of  -628  n/  2  (7  X  12  =  60-48     -628 

The  value  of  -666  V  2  (7  x  12  =  64-14     •662 

~3S  I  8^  :  :~24  :  2-81. 

Hence  -652  V 2g'h  =  60*48  +  2*81  =  62-79,  and  the 
discharge  =  12  x  4  x  62*79  X  8018*92  cubic  inches  = 
1*744  cubic  feet  per  second,  the  same  as  before. 

If  h^  be  taken  equal  to  ^^—-^  =  2*6  inches,  then  tlie 

^gcl 

resulting  value  of  d  =  1-888  cubic  feet  nearly. 

Example  II.  A  rectangular  notch,  7  feet  long^  has 
e  head  of  8  inches  meamred  at  aboitt  4  feet  ahove  the 
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crest,  and  the  water  approaches  the  over-faU  with  a 
velocity  of  16J  inches  per  second;  what  is  the  di«- 
charge  ? 

For  a  still  head  assume  c^  =  '628  in  this  case,  and 
then  from  equation  (42) 

-^vir^x.{(i+|.)t-(j^)i). 

As  in  the  last  example^  find  from  Table  II.  (Aa)  the 
height  due  to  the  velocity  of  approach  (16^  inches)  to 

8 

he  -  =  8*375  inch^  assuming  the  coefficient  of  velocity 
to  be  "956.     Therefore,  h^  =  '375,  h^  =  8,  Cd  =  "628, 

and  A  =  7  X  12  X  8  ;    or  for  measures  in  feet  —• 

hh 

=  '047,  fcb  =  Y>  and  a  =  7  x  j ;  hence 

3>=lx7x  4/2^  xlx  -6281  (1-047)^-  ('047)*}  . 

The  value  of   (1-047)*  -  ('047)*  wiU  be  found  from 

Table  IV.  equal  to  1*0612 ;  the  value  of  y/  2  g  x^ 

vvill  be  found  from  Table  II.  equal  to  6*552,  viz.  by 
dividing  the  velocity  78*680,  to  be  found  opposite  8 
inches,  by  12 ;  hence 

D  =  4x7x4x  6-552  X  -628  x  1*0612 
=  4  X  7  X  4-868  X  -628  x  1-0612 
=  I  X  7  X  4-868  X  -666  nearly. 
=  I  X  7  X  2-909  =  7  X  1-989 

3 

=  18*578  cubic  feet  per  pecond  =  814-88  cubic  feet 
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per  minute.  Or  thtis :  From  Table  VI.,  when  tlie 
coeflScient  is  '628,  the  discharge  fi'om  a  weir  1  foot 
long,  with  a  head  of  8  inches,  is  found  to  be  109'731 
cubic  feet  per  minute.     The  discharge  for  a  weir  7  feet 

long,  when  ^  =  -047  is  therefore   109-731  X  7  X 

h 

1"0612  =  815*12  cubic  feet  per  minute.    Tlie  difference 

between  this  value  and  that  before  found,  814*38  cubic 

feet  is  immaterial,  and  has  arisen  from  not  continuing 

all  the  products  to  a  sufficient  number  of  places  of 

decimals. 

If  ^»  =  .r-S  =  '87  inch,  then  d  =  14*5  cubic  feet 
2gcl 

per  second,  or  870  cubic  feet  per  minute  nearly. 

In  equations  (36)  and  (37),  the  relations  between  the 

channel,  orifice,  velocity  of  approach,  and  velocity  in 

the  orifice,  are  pointed  out,  viz.,    * 

v^  =  -  X  Vo,  and  h^=\  x    ^°  —     ^ 


c         ^'  '       c^       2^      2go\' 

in  which  //,  =  -  - 

(neglecting,  for  the  present,  the  coefficient  of  velocity 
in  passing  through  the  orifice).     As  ro  is  the  actual 

velocity  in  the  orifice,  -^  must  be  the  theoretical  velocity 

due  to  the  head  k  +  h^^  and  therefore 

h  +  K=    .^^\    ,andA=-,-47--^; 
cSx2flf'  clx2g      2g' 

hence 

ti  X  d 
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And  therefore 
(44.) 


K  —       <•!*'       _      r^ 


h      c*  —  c3  A*       m'  —  Cd 
Babstituting  this  value  in  equations  (41)  and  (42),  there 
results 


(45.)( 


i>  =  aV2,/.Xc.  {l+-^} 


^2  —  CJ 


\ 


in  which  m  =  — ,  for  the  discharge  from  an  orifice  at 
some  depth ;  and  for  the  discharge  from  a  weir, 
(46.)    »  =  iV27*rY.{(l  +  ^.)'- 

The  last  two  equations  give  the  discharge  when  the 
ratio  of  the  channel  to  the  orifice  -•  =  m  is  known,  when 

Aft  =  ~-i,  and  when  at  the  same  time  the  whole  quantity 

of  water  passing  through  the  orifice,  that  due  to  the 
velocity  of  approach  as  well  as  that  due  to  the  pres* 
sure,  is  supposed  to  suffer  a  contraction  whose  coefficient 
is  c^. 

When  hf.  =-- — • — «-,  that  is  when  the  velocity  of 

approach,  f«,  passes  through  the  orifice  without  con« 
traction,  we  shaU  get 

(44a.)  ^=       *^  ^  ^      • 


A  ■"  I'D  -  ti  ""  c^  -  A«  ""  m*  -1 
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consequently,  in  this  case,  equation  (45)  becomes 
<45a.)  D  =  A  VY^fc  X  Cd  X    I  1  + -2^^-  }  ^  = 

.and  equation  (46)  in  like  manner  changes  into 
-(46a.)  D  =  I  A  v^27a;  X  Cd  X     |(l  +  __L_)? 

'The  last  multipliers  of  these  two  equations, 

the  same  as  the  like  multipliers  in  (45)  and  (46),  when 
Cd,  within  the  brackets  =  1 ;  consequently  tlieir  values 
are  at  once  found  from  the  coefficient  unity,  1,  in  the 
last  page  of  Table  V.,  for  the  respective  values  of 

C  h  "X 

m  =  -;  and  also  for  those  of  -i^  =:  —5 .     When 

A  k^      m^  —  1 

Cfl  =  1,  equations  (45)  and  (45a)  may  be  changed  into 
the  particular  case 

-which  is  the  equation  of  Daniel  Bernoulli. 

When  A  =  c,  or  the  orifice  is  equal  to  the  channel, 

1 

then  — ^ becomes  infinite,  and  hence  /*  must  be  zero. 

m*—  1 
Indeed,  this  assumption  cannot  be  made  consistently, 
■for  any  given  depth  of  water ;  and  the  ratio  m  can  never 
T)ecome  so  small  as  unity.    A  full  discussion  of  the 
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theoretical  question  would  be  out  of  place  here.  It  is 
only  necessary  to  observe,  that  the  two  last  columns  in 
Table  V.  give  the  multipliers  of  c  in  equations  (45a) 

and  (46a)  to  find  the  coefficients  suited  to  -  =  m,  which 

in  practice  should  seldom  or  never  be  less  than  2. 

Ifn=—^^,  the  values  of  j  1  +  -^ — -1^' 

and   of  |l  +  -^^  y  -  {-T^  Y*   ^^sP^c- 

tively,  can  be  easily  had  from  Tables  III.  and  TV. 
Table  V.  has,  however,  been  calculated  for  different 
ratios  of  the  channel  to  the  orifice,  and  for  different 
values  of  the  coefficient  of  discharge.  This  table  gives 
at  once  the  values  of 

c,  {  1  +  _^  )  J  and  c,  {( 1  +  _^.  J  - 


\m'  -4/  f 


as  new  coefficients,  and  the  corresponding  value  of 

*land  ^=    /^    , 
h  hfi     mr  —  ci 

in  equations  (44)  and  (46). 

It  is  equally  applicable^  therefore,  to  equations  (41) 

and  (42)  as  to  equations  (45)  and  (46).    For  instance, 

here  at  once  is  found  the  value  of  "628  X  {  (1*047)»  — 
(•047)*}  in  Example  II.,  p.  95,  equal  to  "666,  as  ^  = 

*047,  and  the  next  value  to  it  for  the  coefficient  *628, 
in  the  table,  is  '046,  opposite  to  which  is  found  '666, 
the  new  coefficient  sought.  The  sectional  area  of 
the  channel  in  this  case,  as  appears  from  the  first 

H  2 
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column^  must  be  about  three  times  that  of  the  weir  or 
notch. 


When   *»  =  _i 

K        m«  -  1 


.8  _    a2' 


then    in   Ex- 


AMPLE 


II.  *t  =  -11  and  /^IH-  *»  Y  -  r^Y  =  I'lSS. 

Table  IV.  (or  Table  V.  for  the  coefficient  1).  Hence 
in  this  case  '628  X  1'183  =  "712  the  new  coefficient 
suited  to  the  velocity  of  approach.     Here  of  course  fe^^  = 

^Ycl  ^®^®  ^^^'  ^'  ^^^' 

Table  V.  is  calculated  from  coefficients  c^,  in  still 
water,  which  vary  from  '550  to  1.  Those  from  "606 
to  '650,  and  the  mean  value  *628  are  most  suited  for 
application  in  practice.  When  the  channel  is  equal 
to  the  orifice,  the  supply  should  equal  the  discharge, 
and  for  open  channels,  with  the  mean  coefficient 
•628,  we  find,  accordingly,  from  the  table,  the  new 
coefficient  1*002  for  weirs ;  or  1  very  nearly  as  it 
should   be.      It  is  also    found   in   the    same    case, 

viz.,  when  a  =  c,  and 
Cd  =  -628,  that  for  short 
tubes,  Fig.  18,  the  resulting 
new  coefficient  becomes  '807. 
This,  as  will  afterwards  be 
«*^  seen,  agrees  very  closely 
with  the  experimental  results.  When  the  coefficients 
in  still  water  are  less  than  *628,  or  more  correctly 
'62725,  the  orifice,  according  to  this  formula,  cannot 
equal  the  channel  unless  other  resistances  take  place, 
such  as  from  friction  in  tubes  longer  than  one  and  a 
half  or  two  diameterS;  or  in  wide-crested  weirs*    For 
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greater  coefficients  the  junction  of  the  short  tube  with 
the  vessel  must  be  roonded, 
Fig,  14,  on  one  or  more 
sides ;  and  in  weirs  or 
notches  the  approaches  . 
must  slope  from  the  crest 
and  ends  to  the  bottom  and 
sides,  and  the  overfall  be 
sudden.  The  converging  form  of  the  approaches  must, 
however,  increase  the  velocity  of  approach ;  and  there- 
fore v^  is  greater  than  „  x  t'o  when  c  is  measured  be- 
tween r  o  and  k  o,  Fig.  14,  to  find  the  discharge,  or 
new  coefficient  of  an  orifice  placed  at  r  o. 

As  the  coefficients  in  Table  V.  ai'e  best  suited  for 
orifices  at  the  end  of  short  cylindrical  or  piismatic 
tubes  at  right  angles  to  the  sides  or  bottom  of  a  cistern, 
a  correction  is  required  when  the  junction  is  rounded 
o£f  as  at  R  o  r  o,  Fig.  14.  When  the  channel  is  equal 
to  the  orifice,  the  new  coefficient  in  equation  (45) 
becomes 

The  velocity  in  the  short  tube  Fig.  14  is  to  that  in 
the  short  tube  Fig.  18  as  1  to  c^  ■<  .:  _— i  \ '  nearly,  or 
for  the  mean  value  Cj  =  '628,  as  1  to  '807.  Kow,  as 
—  is  asstuned  eqaal  to  —    in  the  cylindrical  or  priB- 

matic  tube.  Fig.  18,  — - —  =  -^  in  the  tube  Fig.  14 
with  the  rounded  junction,  for  v^  becomes  .tt^  ;  hence. 
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in  order  to  find  the  discharge  from  orifices  at  the  end 
of  the  short  tube,  Fig.  14,  it  is  only  necessary  to  mul- 
tiply the  numbers  representing  the  ratio  -  in  the  first 
column,  Table  V.,  by  '807,  or  more  generally  by  c^ 

\  := 2  r    9  wid  fi^d  ^6  coefficient  opposite  to  the 

product.      Thus  if  c^  =  "628,  then,  when  -•  =  1,  c^  X 
2  =  -807  in  the  table.     If,  again,  ^    =    8, 


{r^i} 


then  3  x  -807,  =  2-421,  the  value  of  -''-  for  the  tube 

Fig.  14,  and  opposite  this  value  of  -,  taken  in  column 
1,  there  is  found  '651  for  the  new  coefficient.  For  the 
cylindrical  or  prismatic  tube.  Fig.  13,  the  new  coeffi- 
cient would  be  only  '642.     When  the  head  h^  is  how- 

vl 
ever  equal  to    q— — 2   the  results    must    be    modified 

^  9  ^^ 

accordingly  (see  Note,  p.  89).*  When  h  is  measured 
from  still  water  in  a  cistern,  Figs.  13  and  14,  and  v^ 
the  velocity  of  approach  at  c,  in  a  short  tube,  inserted 
at  the  sides,  or  bottom,  then  we  must  take  A  —  A^  for 
the  head,  h. 

*  Professor  Rankine  gives  the  value  of  the  coefficient  of  discharge, 

or  contraction,  for  vaiying  values  of  A  and  c  at  a  diaphragm  in  a  pipe 

by  the  empirical  formula 

•618 

When  TT  =  0,  Cd  ==  *618 ;  and  when-  =  1,  e^  sz  1 ;  as  it  should  be 

very  nearly  for  an  orifice  in  a  thin  plate,  to  which  only,  and  to  an 
orifice  A  at  the  end  of  a  short  tube,  Fig.  14,  the  formula  is  suited  (see 
Section  X\, 
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DIFFERENT  EFFECTS  OF  CENTRAL  AND  MEAN  VELOCITIES 
IN  A  SHORT  TUBE  AND   CHANNEL. 

There  is,  however,  another  element  to  be  taken  into 
consideration,  and  which  it  is  necessary  to  refer  to 
more  particularly  hereafter.  It  is  this,  that  the  central 
velocity,  directly  facing  the  orifice,  is  also  the  maximum 
velocity  in  a  short  tube,  and  not  the  mean  velocity. 
The  ratio  of  these  velocities  is  1 :  '885  nearly ;  hence, 

in  the  example,  p.  102,  where  -  =  3,  we  get  3  x  '835 

=  2*505  for  the  value  of  -  in  column  1,  Table  V., 

opposite  to  which  is  found  *649,  the  coefficient  for  an 
orifice  of  one-third  of  the  section  of  the  tube  when 
cylindrical  or  prismatic.  Fig.  13 ;  and  3  x  -835  x 
•807  =  2*02  nearly,  opposite  to  which  we  shall  get 
'661  for  the  coefficient  when  the  orifice  is  at  the  end 
of  the  short  tube.  Fig.  14,  with  a  rounded  junction. 

Therefore,  -    x    '835  equal  to   the  new  value  of  - 

for  finding  the  discharge  from  orifices  at  the  end 

of   cylindrical  or    prismatic  tubes,  and  -    x    *886 

X    -807  =  7   X    '67  nearly  for  the  new  value  of 

-  when  finding  the  discharge  from  orifices  at  the 

end  of  a  short  tube  with  a  rounded  junction. 

The  ratio  of  the  mean  velocity  in  a  tube  to  that 
facing  the  orifice  cannot  be  less  than  '835  to  1,  and 
varies  up  to  1  to  1 ;  the  first  ratio  obtaining  when 
the  orifice  is  pretty  small  compared  with  the  section  of 
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the  tube,  and  the  other  when  they  are  equal.     If  the 

curve  D  c,  whose  abscisssB  (a  h)  represent  the  ratio  of 

the  orifice  to  the 
section  of  the  tube, 
and  whose  ordi- 
nates  {h  c)  repre- 
sent the  ratio  of  the 
mean  velocity  in 
the  tube  to  that 
facing  the  orifice,  be 

supposed  to  be  a  parabola,  then  the  following  values 

are  found : — 


Batiooftheorifioe 

to  the  channel,  or 

TRlues  of 

A          Ah 
0          AB 

Values  of 
dc 

Ratio  of  the  mean 
yelocttv  of  approach 
in  a  tube  or  channel 
to  that  directly  op- 
posite the  orifice, 
or  values  of  b  e. 

•0 

•165 

•835 

•1 

•168 

•887 

•2 

•158 

•842 

•8 

•150 

•850 

•4 

•189 

•861 

•6 

•124 

•876 

•6 

•106 

•894 

•7 

•084 

•916 

•8 

•069 

•941 

•9 

•081 

•969 

1-0 

.•000 

1-000 

These  values  of  &  c  are  to  be  multiplied  by  the  cor- 
responding ratio  -  in  order  to  find  a  new  value, 

opposite  to  which  will  be  found,  in  the  table^  the 
coefficient  for  orifices  at  the  ends  of  short  prismatic 
or  cylindrical  tubes ;  and  this  new  value  again  mul- 
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tiplied  by  '807,  or  more  generally  by  c^  \- g  •*,  will 

give  another  new  value  of  -,  opposite  to  which,  in  the 

table,  wiU  be  found  the  coefficient  for  orifices  at  the 
ends  of  short  tubes  with  rounded  junction. 

Example  III. — 
What  shall  be  the 
discharge  from  an 
orifice  a,  Fig.  16, 
2  feet  long  by  Ifoot 
deep,  when  the  value 

of  --  is  8,  and  the 

depth  of  the  centre 
of  A  1  foot  6  inches 
below  the  surface  ? 


117iM5> 


u 


hence  -  x  "86  =  8  x 

J9L 


The  theoretical  discharge  is  d  =  2  x  1  x 

(Table  II.)  =  2  x  9*829  =  19-668  cubic  feet  per 
second.  From  the  table  on  last  page  the  coefficient 
for  the  mean  velocity,  facing  the  orifice,  is  about  '86  ; 

86  =  2-58.     If  the  coefficient 

be  taken  from  Table  I.,  it  is  found  (opposite  to  2, 
the  ratio  of  the  length  of  the  orifice  to  its  depth) 
to  be  '617 ;  and,  for  this  coefficient,  opposite  to  2*58^ 
in  Table  V.,  or  the  next  number  to  it,  the  required 
coefficient  *686  is  found ;  hence  the  discharge  is  *686 
X  19'668  =  12'502  cubic  feet  per  second.  If  the 
coefficient  in  still  water  be  taken  at  '628,  then  we  shall 
obtain  the  new  coefficient  *647,  and  the  discharge 

*  See  pp.  97  and  98,  with  reference  to  the  modifications  of  equations 
(46)  and  (46)  into  (iSa)  and  (46a)  saited  to  K 
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would  be  -647  x  19-658  ^  12-719  cubic  feet.  If  the 
junction  of  the  tube  with  the  cistern  be  rounded,  as 
shown  by  the  dotted  lines,  then  multiply  2'68  by  '807, 
which  givea  2"08  for  the  new  value  of  -,  opposite 
which,  in  Table  V.,  when  the  first  coefficient  is  -628, 
the  new  coefBcient  '659  is  found ;  and  the  discharge  in 
this  case  would  be  -659  x  19-658  —  12-955  cubic  feet 
per  second. 

It  is  not  necessary 
I  to  take  out  the  coeffi- 
I  cient  of  mean  velocity 
I  facing  the  orifice  to 
j  more  than  two  places 
of  decimals.  For 
I  gauge  notches  in  thin 
'  plates  placed  in 
streams  and  millraces,  Fig.  17,  the  mean  coeiBcient 
■628,  for  stUl  water,  may  be  assumed ;  thence  the  new 
coefficient  suited  to  the  ratio  -  may  be  found,  as  in 
the  first  portion  of  Exaufle  III. 

When  /t,  is  taken  equal  to  j,  *-i  then  from  TableV. 
■with  a  coefficient  of  1,  and  2-58  for  the  ratio  of  the 

channel  to  the  orifice,  the  value  of  -J   1  +  — h— —    > 
K  m*  —  1  ) 

in  equation  (45a)  is  1-085.  Hence  the  discbarge  is 
19-658  X  -617  X  1*085  =  19-658  x  -6694  =  13-16 
«ubic  feet  per  minute  in  this  case. 

Example  IV.  What  shall  be  the  diediarge  through 
the  aperture  a,  equal  2  feet  by  Ifoot,  when  the  channel 
is  to  the  orifice  at  3-375  to  1,  and  the  depth  of  the 
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centre  is  1*25  foot  below  the  surface,  taken  at  about  8 
feet  above  the  orifice  ? 

Here  the  coefficient  of  the  approaching  velocity  is 

•85  nearly,  whence  the  new  value  of  -  is  8*876  x  *85 

=  2*87 ;  and  as  c^  =  '628,  from  Table  V.  the  new 
coefficient  is  *644.     Hence 

D=  2  X 1  X   i^  X  *644  (Table  II.)=  2  x  8*972  x  -644 

=  17*944  X  '644  =  11*556  cubic  feet  per  second. 
Weisbach  finds  the  discharge,  by  an  empirical  formula, 
to  be  11*81  cubic  feet.  If  the  coefficient  be  sought  in 
Table  I.,  it  is  '617  nearly,  from  which,  in  Table  V., 
the  new  coefficient  is  found  to  be  *682 :  hence  17*944 
X  *682  =  11*841  cubic  feet  per  second.  If  the  co- 
efficient '6225  were  used,  the  new  coefficient  equals 
'688,  and  the  discharge  11*468  cubic  feet.  Or  thus : 
The  ratio  of  the  head  at  the  upper  edge  to  the  depth 

of  the  orifice  is  -  =  *75,  and  from  Table  IV.  we  find 

IS 

(l'75)i  -  (-75)*  =  1-6655.  Assuming  the  coefficient 
to  be  *644,  find  from  Table  YI.  the  discharge  per 
minute  over  a  weir  12  inches  deep  and  1  foot  long 

906'660+ 906119 

which  is ^ =  206*884  cubic  feet  nearly ;  and 

as  the  length  of  the  orifice  is  2  feet,  then  a^«»-^^^«» 

=  11*482  cubic  feet  per  second,  which  is  the  correct 
theoretical  discharge  for  the  coefficient  '644,  and  less 
than  the  approximate  result,  11*556  cubic  feet  above 
found,  by  only  a  very  small  difference.  The  velocity 
of  approach  in  this  example  must  be  derived  from  the 
surface  inclination  of  the  stream. 

When  fc.  =  ^   *  .;,  then  with  a  coefficient  1  and  2*87 
^9^d 
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c  

for  the  value  of  -  the  last  page  of  Table  V.  gives  1'067, 

by  interpolation,  for  the  value  of  ■<  1  H ^ J-  ^ 

in  equation  (45a)  see  pp.  112  and  113.  Hence  the 
discharge  is  17:944  X  -628  X  1*067  =  17*944  x 
"670  =  12*02  cubic  feet  per  second. 

For  notches,  or  Poncelet  weirs,  the  approaching 
velocity  is  a  maximum  at  or  near  the  surface.  If  the 
central  velocity  at  the  surface  facing  the  notch  be  1, 
the  mean  velocity  from  side  to  side  will  be  '914. 
Assume  therefore  the  variation  of  the  central  to  the 
mean  velocity  to  be  from  1  to  '914 ;  and  hence  the 
ratio  of  the  mean  velocity  at  the  surface  of  the  channel 
to  that  facing  the  notch  or  weir  cannot  be  less  than 
•914  to  1,  and  varies  up  to  1  to  1 ;  the  first  ratio 
obtaining  when  the  notch  or  weir  occupies  a  very 
small  portion  of  the  side  or  width  of  the  channel,  and 
the  other  when  the  weir  extends  for  the  whole  width. 
Following  the  same  mode  of  calculation  as  at  p.  104, 
Fig.  15,  the  following  results  will  be  obtained  : — 


Ratio  of  tho  width 

of  the  notch  to 

the  width  of 

the  channeL 

Values  of 

dt. 
Pig.  16. 

Values  of 

6  c, 

Mg.  15. 

•0 
•1 
•2 
•3 
•4 
•5 
•6 
•7 
•8 
•9 
1-0 

•086 
•085 
•088 
•078 
•072 
•064 
•055 
•044 
•031 
•016 
•000 

•914 
•915 
•917 
•922 
•928 
•936 
•945 
•956 
•969 
•984 
1-000 
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These  values  of  6  c  are  to  be  used  as  before,  in 

order  to  find  the  value  of  -^  opposite  to  which  in  the 

tables,  and  under  the  heading  for  weirs,  will  be  found 
the  new  coefficient. 

Example  V.  The  length  of  a  weir  is  10  feet ;  the 
width  of  the  approaching  channel  is  20  feet ;  the  head, 
jneasured  about  6  feet  above  the  weir,  is  9  inches; 
and  the  depth  of  the  channel  8  feet:  what  is  the 
discharge  ? 

Assuming  the  circumstances  of  the  overfall  to  be 
such  that  the  coefficient  of  discharge  for  heads, 
measured  from  still  water  in  a  deep  weir  basin  or 
reservoir,  is  "617,  then  from  Table  VI.  the  discharge 
is  128-642  X  10  =  1286*42  cubic  feet  per  minute ;  but 
from  the  smallness  of  the  channel  the  water  approaches 

O  90  X    3 

the  weir  with  some  velocity,  and  -  =  r— -5  =  8.  Also 

A       wx  ^ 

the  width  of  the  channel  is  equal  to  twice  the  width  of 
the  weir,  and  hence  (small  table,  p.  108,)  8  x  *986 

=  7*488  for  the  new  value  of  -.  From  Table  V.  is 
now  found  the  new  coefficient — - —  =  '628,  and  hence 

U86'42)c'6>3 

the  discharge  is  — — —    =   1298*98    cubic  feet  per 

minute.  Or  thris:  As  the  theoretical  discharge, 
Table  VI.,  is  2084*96  cubic  feet,  then  2084*96  x 
'628  =  1298*98,  the  same  as  before.  In  this  example, 
however,  the  mean  velocity  approaching  the  oveifall 
bears  to  the  mean  velocity  in  the  channel  a  greater 
ratio  than  1  :  '986,  as,  though  the  head  is  pretty  large 
in  proportion  to  the  depth  of  the  channel,  the  ratio  of 
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the  sections  -•  =  4  is  small.     It  is  therefore  more 

correct  to  find  the  multiplier  from  the  small  table, 

p.  104.     By  doing  so  the  new  value  of  -  is  8  x  '888 

=  6*704.  From  this  and  the  coefficient  '617  we 
shall  find,  as  before  from  Table  V.,  the  new  coeffi- 
cient to  be  -627 ;  hence  2084-96  x  '627  =  1307-27 
cubic  feet  per  minute  for  the  discharge. 

The  foregoing  solution  takes  for  granted  that  the 
velocity  of  approach  is  subject  to  contraction  before 
arriving  at  the  overfaU,  or  in  passmg  through  it;  now, 
as  this  reduces  the  mean  velocity  of  approach  fi-om  1 
to  '784,  Table  V.,  when  the  coefficient  for  heads  in 
still  water  is.  '617,  it  is  necessary  to  multiply  the  value 

of  -  =  6-704,  last  found,  by  -784,  and  then  6*704  x 

A 

•      Q 

'784  =  5'26  is  the  value  -  due  to  this  correction,  fi-om 

which  the  corresponding  coefficient  in  Table  Y.  is 
found  to  be  '629,  and  hence  the  corrected  discharge  is 
2084-96  X  '629  =  1811'44  cubic  feet. 
By  using  equation  (46a)  in  the  preceding  example, 

the  value  of  (l  +  ^?^y-(^)*fo^  l  =  ^  = 

7*488  is,  from  the  last  columns  of  Table  V.  for  a  co- 
efficient unity,  1*025.  Hence  the  discharge  is  2084*96 
X  *617  X  1*025  =  2085   X  *682  =  1818  cubic  feet 

per  minute  in  round  numbers.    If  -  were  taken  equal 

to  6*704,  then  equation   (46a)  would  become  2085  X 

•617  X  1*081  =  2085  x  -686  =  1826  cubic  feet  nearly. 

It  18  to  he  home  in  mind  that  the  value  of  ike  ratio 

-  in  Table  V.  w  simply  an  approximate  value  for  the 
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ratio  of  the  velocity  in  the  channel  facing  the  orifice  to 
the  velocity  in  the  orifice  iUelf,  and  that  large  differencen 
of  value  do  not  always  affect  the  coefficient  of  discharge 
materially.  The  corrections  applied  in  ihe  foregoing 
examples  were  for  the  purpose  of  finding  this  ratio  of 
velocity  more  correctly  than  the  simple  expression  - 
gives  it.  The  ratio  of  h^  to  k^  also  may  sometimes 
vary  very  considerably  without  materially  affecting  the 
value  of  Ci ;  for  instance,  if  c^  —  '628  for  still  water, 

the  change  of  -^  from  0  to  'OiG,  and  of  -  fi-om  infinity 

to  3  causes  a  variation  of,  only,  from  -628  to  '642  for 
orifices,  and  to  '666  for  notches,  which,  practically,  does 
not  exceed  six  per  cent.     The  following  aiixiliary  table 


AUXIUAST  TABLZ,  TO  BE  VSED  W[TH  TABLE  V 
EQUATIONS  (4Sa)  AND  (46a). 


1 

J 

1 

S 
1 

t 

HaltJplIsn  for  IlDdliig  tbg  b»»  **laM  "tjlB  Vkble  V., 
wl™tb.«ter  ™™di«  ud  ]»».  tluouch  the  oriflo.. 

II 

1   1 

Cotffi. 

■839 

Coeffi- 
cient 

■828 

CoeB- 
olent 
■617 

o«m- 

-606 

■696 

Co»ffl- 
■684 

Cooffl. 
■573 

1 

8 

9 
0 

■ 

836 
8S7 
842 
860 
881 
876 
804 

ei6 

641 
B6B 
000 

■69 
■70 
■70 
71 
■72 

il 

■76 
■78 
■81 
■881 

87 
68 

69 
69 

71 
72 
74 
76 
78 
807 

65 

66 
66 
67 
6S 
69 
70 
72 
74 
76 
784 

■6* 
11 

■67 
■68 
■70 
■72 
74 
■762 

62 
62 
62 
63 
64 
86 
88 
68 
70 
72 
740 

60 

80 

81      1 

61     1 

62 

83 

64 

66 

68 

70 

7IB  1 

GS 
69 
69 
69 
60 
61 
62 
64 
86 
■68 
699 
1 
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finds  the  correction,  and  thence  the  new  coefficient, 
-with  facility.  Thus,  if  the  channel  be  five  times  the 
size  of  the  orifice,  and  a  loss  in  the  approaching  velocity 
takes  place  equal  to  that  in  a  short  cylindrical  tube, 

then  5  X  "842  =  4"210  is  the  new  value  of  -,  opposite 

to  which,  in  Table  V.,  will  be  found  the  coefficient 
sought.  If  the  coefficient  for  still  water  be  '606,  it  is 
found  to  be  '612  for  orifices  and  •623  for  weirs.  But 
when  the  water  approaches  without  loss  of  velocity, 
from,  the  auxiliary  table,  '64  is  found  for  the  multiplier 

instead  of  '842,  and  consequently  the  new  value  of  - 

becomes  6  X  '64  =  8'2,  from  which  '617  is  found  to 
be  the  new  coefficient  for  orifices  and  '636  for  weirs. 
The  auxiliary  table  is  calculated  by  multiplying  the 
numbers  in  the  second  column  (see  third  column,  table, 

p.  104)  by  the  value  of  c    X  -j -^  j-  ,  which  will  be 

found  from  Table  V.,  for  the  difierent  values  of  c^  in 

the  table,  viz. 

'639,  -628,  '617,  -606,  '595,  '584,  and  '573, 
'831,  -807,  -784,  '762,  '740,  '719,  and  '699, 

to  be  respectively,  as  given  in  the  top  and  bottom  lines 

of  figures. 

When  —s-^ — 5  in  equations  (45)  and  (46)  is  equal  to 
rnr  —  ci 

1 

in  equations  (45a)  and  (46a),  then  must  c^  =  1^ 


m 


3-1 


ftnd  Cd  ]  1  H — g-^^— 2  (    ^     equation    (45)    becomes 
equal  to   ■<  1  +     ^  ^     l  equation    (45a) ;    and 


in 
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becomes  equal  to  {  (l  +  -^J-  (J-J  } 

equation  {46a) ;  and  therefore  the  coeflScient  found  from 
the  last  three  columns  of  Table  V.  for  c^  =  1  will  give 
the  multiplier  for  e^,  outside  the  brackets^  in  (45a)  and 
(46a),  to  find  the  new  coefficients.  Thus  in  the  last 
example  m  =  5,  and  hence  Table  V.  for  c^  =  1,  is 

«^^^M ' -^  ^  P  =  ^'^^  ^°^ .{ (^  ■»•  ^y 

-  (^^377^  }  =  1'056.    Hence  1-021  x  -606  =  '619 

nearly;  and  1"056  X  '606  =  "689  nearly,  the  new  co- 
efficients found  from  the  other  method  being  '617  and 
*636,  the  difference  by  both  methods  being  of  no  great 
practical  importance. 

It  is  necessary  to  observe,  that  in  equations  (45), 
(46),  (45a),  and  (46a),  the  head  due  to  the  velocity  of 
supply  or  approach,  h^y  m/ust  be  extra  to  the  heady  h,  in 
the  formula  and  no  part  of  it :  and  that — as  is  indicated 
by  the  equations — m  can  never  be  so  small  as  imity,  for 

then  -X — -  would  be  infinite.    These  equations  are. 
m''  —  1 

therefore,  only  strictly  applicable  to  orifices  in  the 
short  tubes.  Fig.  15  and  Fig.  16,  when  the  head  h^^  due 
to  the  velocity  of  approach  is  included  in  the  head  h 
measured  from  still  water  in  a  large  cistern. 

The  initial  value  of  the  coefficient  of  discharge,  c^  it- 
self, varies  considerably  with  the  position  and  form  of 
the  orifice ;  for  a  mean  value  of  '707  it  changes,  in 
equation  (45),  according  to  the  relation  of  c  and  a  into 

z 
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•707 
7 Tin: ;  and  for  a  value  of  '618  for  an  orifice, 

('  -  •'^> 

central  in  a  thin  plate,  Professor  Eankine's  empirical 
formula,  note  p.  102,  is  in  practice  applicable. 
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In  order  to  reduce  the  preceding  formulae  for  weirs 
and  notches  to  some  of  the  forms  in  common  use,  with 
definite  combined  numerical  coefficients,  by  substituting 

8'025  for  V  2  ^,  equation  (89),  becomes  for  feet 
,.«.■■«.,  »  I   X  8-02S  =  5-85. 

(A.)    D.  =  '6-85  Cd  I  {(Ab  +  h;)^  -  ft*}. 
For  inch  measures,  as  V  2  g  =  27*8,  the  discharge, 
taken  also  in  cubic  feet,  becomes 

(B.)    D   =  -01072  Cd  I  {(h  -  h^i  -  h}\. 

When  the  length  I  is  taken  in  feet  and  the  depth  in 
inches,  it  is 

(C.)    D   =  -1287  Cd  I  {{K  -  fea)*  -  h}}' 

The  last  three  equations  being  for  seconds  of  time, 
when  the  time  ia  taken  ai  one  minute,  for  all  measures 
in  feet  the  discharge  in  cubic  feet  is 

(D.)    D   =  821  Cd  I  {{K  +  hj  -  ;*.t}. 
This  when  Cd  is  taken  at  *614  becomes 
(D,.)    D.  =  197  I  {{K  +  ft.)*  -  h}}. 
For  a  coefficient  of  '617 

(D,.)     D.  =  198  I  {{K  +  hj  -  hi} 
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Por  a  coeflBcient  of  '623 

(D3.)    D^  =  200 1  [{K  +  K)^  -  fca^}. 

For  a  coefficient  of  '628 

(D4.)     D.  =  201-6  I  {{K  +  /O*  -  ^h 
For  a  coefficient  of  "648 

(D5.)    D»  =  208  I  {{K  +  /O^  -  Aa*). 
For  a  coefficient  of  "667 

(De.)     D.  =  214q(/e, +  A,)l~fcj). 
For  a  coefficient  of  '712 

(Dy.)    D.  =  228-6  I  {(A„  +  fcj*  -  /J}. 
And  for  a  coefficient  of  *810 

(Dg.)    D.  =  260  I  {{K  +  Aa)*  -  /'a'). 
For  inch  measures  the  discharge  in  cubic  feet  is 

(E.)    D»  =  -6488  Cd  I  I  (Ab  +  Aa)*  -  /4*}. 
And  for  lengths  (Q  in  feet  and  depths  (An)  in  inches 
the  discharge  also  in  cubic  feet  becomes 

(F.)    D.  =  7-72 Cd  I  {A„  +  70*  -  Aa*}- 

The  latter  equation,  when  the  coefficient  of  discharge, 
<d»  IS  taken  at  *614  becomes 

(d.  =  4-74  I  {K  +  A  J*  -  aJ},  and 

(FiOJd  =  4-74  I  aI,  when  the  velocity  of  ap- 
(    proach  vanishes. 

For  a  coefficient  of  *617 

D.  =  4-76  I  {{K  +  /O'^  -  AJ  },  and 
(Fj.)"  D  =  4-76  I  h^  when  the  velocity  of  ap- 

,    proach  vanishes. 

1% 
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For  a  coefficient  of  '623 

D  =  4*81  I  h\  with  no  perceptible  approach. 
For  a  coefficient  of  '628 


{F4.) 


(F5.) 


(F«.) 


D.  =  4-85  I  {{K  +  /«.)*  -  h^},  and 
D  =  4*85  Z  A  I  with  no  perceptible  approach* 
For  a  coefficient  of  "648 

D.  =  5  Z  {{K  +  Kf  -  AaH»  and 
D  =  5  Z  /<!»  with  no  perceptible  approach. 
For  a  coefficient  of  f  or  '667 

D.  =z  5-14  I  {{K  +  Kf  -  Aa^},  and 

s 

D  =  5*14  I  h^  with  no  perceptible  approach. 
For  a  coefficient  of  •712 

,T,  Ji>.  =  5-5  I  {{K  +  hj  -  h)},  and 

[d  =  5*5  Z  /i|*  with  no  perceptible  approach. 
And  finally  for  a  coefficient  of  '81 

i)^  =  6-3  I  {{K  +  hj  -  //J},  and 

(^8-) Id  =  6*8  I  hi  when  the  velocity  of  approach 
[    yanishes. 
The  theoretical  value  of  ft^  i^  ^ach  of  the  foregoing 
equations  is  in  terms  of  the  velocity  of  approach  i\ 

in  which  2  g  must  be  taken  equal  to  64*408  for  heads: 
in  feet,  and  equal  to  772*84  for  heads  in  inches.  But 
it  is  evident  that  in  order  to  produce  the  velocity  per 
second  i\  passing  through  the  notch  with  a  nearly  still- 
water  basin  above  it,  that  h  must  be  increased  from  its. 
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tlieoretical  value  rc~  to  ~orcr~  >  in  which  expression  Ca 

is  the  coefficient  of  discharge  due  to  the  particular 

notch,    or  weii%   and    its    attendant    cii'cumstances ; 

ivhence 

__     t^     _  Theoretical  head 

"'-  cf2j=  ^1 

Now,  unquestionably  the  most  general  coefficient  both 

for  notches  and  submerged  orifices,  in  thin  plates,  for 

gauging  whether  triangular,  rectangular,  or  circular, 

is  '617,  when  the  orifice  or  notch  is  small  compared 

^nth  the  approaching  channel;  whence  for  measures  in 

feet 

K  =  '0408  vj,  and  r.  =  4*95  VTT 
For  measures  in  inches, 

h^  =  -0034  ti,  and  t;,  =  17-2  Vli^. 
And  for  measures  in  which  t'l^  is  expressed  in  feet  per 

^second,  and  /i^  in  inches  

h^  =  -49  i/i,  and  v^  =  1-48  V  h^ ; 
which  shows  that  Judf  the  square  of  the  approaching 
rehcity  in  feet  is  equal  to  the  head  h^  in  inches ;  very 
nearly.  By  substituting  these  values  of  /i^,  found  in 
terms  of  the  approaching  velocity,  according  to  the 
standards  used  in  the  equations  from  (a)  to  (f)  inclu- 
:sive,  and  also  in  equation  (F2),  we  shall  be  enabled  to 
find  the  proper  discharge  from  a  notch  in  a  thin  plate. 
The  values  of  h^,  as  given  above,  can  be  found  at  once 
in  inches  &om  the  observed  values  of  t\,  to  be  also 
taken  in  inches,  for  coefficients  varying  fi*om  *584  to 
•974,  by  means  of  Table  II.  Thus,  with  a  coefficient 
of  '617,  we  shall  find,  for  an  approaching  velocity  of 
56  inches  per  second,  that  h^  becomes  4a  =  4*4  inches 


118  THE  DISCHARGE  OF  WATER  FROM 

nearly,  while  for  a  coefficient  of  '666,  it  is  only  3f  =^ 
8*8  inches ;  and  for  a  coefficient  of  1,  the  theoretical 
head  is  but  li  =,  1*7  inch  nearly. 

For  the  very  nature  of  the  case  the  approaching- 
velocity  must  continue  nearly  unimpaired  through  the- 
notch  with  but  a  very  sUght  reduction  arising  from  tlie^ 
'I'iscidity  of  the  water  when  it  enters  the  aperture,  and 
separates  from  the  lateral  fluid.  But  in  order  to  give* 
this  unimpaired  velocity  by  means  of  an  extra  head  h^^ 
it  is  evident  that  h^  must  be  increased  above  the' 
theoretical  value  by  the  amount  due  to  the  coefficient 
of  discharge ;  or,  as  before  stated,  h^  must  be  increased 

from  /r^    to     air*     This  value  of  lu  is,  perhaps^ 

something  too  large,  owing  to  the  reduction  of  ?'»  «t 
the  moment  it  enters  the  notch  and  is  acted  upon  by 
the  overfall,  drawing  it  away,  as  it  were,  from  the  lateral 
water  above  tlie  crest. 

The  numerical  results  of  the  respective  formulae  fi'om 
(a)  to  (Fg),  iaclusive,  can  be  obtained  by  modifying  the 
form  as  in  equation  (42)  into 

(w  =  ..  X  „  J.  ^^i;x  {  (l  +  '^-0 } 

in  which  d  is  the  discharge  found,  when  there  is  no 
velocity  of  approach,  by  the  common  formn  =  5*35  x 

c^  I  7t',  for  which  separate  values  are  given  in  equa- 
tions from  (fj)  to  (fj)  inclusive ;  and  numerical  values. 

in  Table  VI.;  and  |  (^1  +  ff  -  (r)' }  a  multipUer 
suited  to  the  velocity  of  approach,  the  values  g^  which 
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can  be  fotind  from  Table  IV.  Suppose,  for  example, 
D  =  158*1  cubic  feet  per  minute,  h^  =  10  inches,  and 
lu  =  4  inches,  which  is  that  due  to  an  approaching 
velociiy  of  8  feet  per  second  with  a  coefficient  of  '648 ; 

then  the  multiplier  becomes  (1  +  '4)^  —  '4*  =  1*4085^ 
Table  IY.  Hence  the  discharge  due  to  an  approaching 
velocity  of  8  feet  is  168-1  x  1'4085  =  221*9  cubic 
feet,  or  an  increase  of  about  40  per  cent.  Also,  if  the 
common  formula  were  used,  it  is  plain  that  the  coefficient 
-648  should  be  increased  to  '648  x  1*4085,  or  to  *909 
nearly,  which  approximates  within  10  per  cent,  of  the 
theoretical  value,      toothing  can    show  more   clearly 

THE  NSGESSrrr  FOB  VABTING  THE  COEFFICIENTS  WHEN 
THE  OBDINABY  FOBMUL£  ABE  USED,  EVEN  FOB  A  NOTCH 

IN  A  THIN  PLATE :  for  other  notches  the  coefficients, 
even  for  still  water  above  the  crest,  vary  considerably. 
The  form  of  the  equation  used  by  D'Aubuisson  and 
several  other  writers  is 

v^  =  cl  Vhl  +  cvlhl 
in  which  o  and  c  are  numerical  coefficients,  and  v^  the 
velocity  of  approach.  This  form  is  incorrect  in  prin- 
ciple, although  the  values  of  c  and  c  can  be  so  taken 
as  to  give  resulting  values  for  D|^  approximately  correct 
For  feet  measures,  and  time  in  seconds.  Professor 
Downing  makes,  after  D'Aubuisson,  p.  87  of  his 
translation, 

D.  =  Cd  X  6-86  I  V  Ab  +  "08494  vl  hi. 
Doctor  Bobinson  *  gives  for  like  measures  and  time, 
values  varying  from 

*  Proceeding!  Royal  Irish  Academy,  vol.  iv.  p.  212.    *18M  vl  is 
nine  times  the  theoretical  head,  and  too  much. 
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D.  =  8-66  I  V  Ab  +  -1895  vl  h^,  to 

D.  =  S-2  I  V  AS  +  '1895  ti  hi 
Mr.  Taylor  finds  (for  the  Government  Referees,  see 
Eeport  on  the  Main  Drainage  of  the  Metropolis,  18th 
July,  1858,  p.  82)  the  discharge  in  cubic  feet,  per 
minute,  when  the  depth  is  taken  in  inches,  and  the 
length  in  feet  to  be, 

Da  =  6-5  I  ^/'W+^Sl^l; 
and  the  Messrs.  Hawksley,  Bidder,  and  Bazalgette 
assume,  (p.  88  i&u2,)  for  like  measures. 

Da  =  6  Z  V  hi  +  -1875  v\  hi, 
which  they  consider  is  in  *' excess,^*    The  following 
table,  copied  and  extended  from  the  report  just  re- 
ferred to,  shows  the  restdts  of  the  last  two  formulse, 
and  of  our  equations  (F5)  and  (F7),  in  which  the  depth, 


Fonnubs. 


d.bSVAI+'1876v*  *( 


Ilqusti<m  (l)  when  the  head,^ 
K .  due  to  the  velocity  of  ap-  f 
proooh  is  taken  at  only  ibi* 
theoretical  value  .  ,  j 

Bquaitian  (r,)  when  the  head,  ^ 
km ,  due  to  the  velocity  of  ap-  f 
proach  ia  Innreaaed  for  the  oo- 1 
efficient  of  velocity  '648  .    .  J 

Equattcn (r,)  when  the  head/ 
JU ,  due  to  the  velocity 
proach  la  taken 
theoretical  value 

Eqxiatlon  (r,)when  the  head'^ 
due  to  the  velocll^  of  approach  I 
is  increased  for  the  ooefficiNit  ( 
of  valoGity -71S .  .    .  J 


ten  the  head,  ^ 
lodtyof  ap-l 
at  only  itsi* 
•       •       •  • 


Mean  velocities  approaching  the  notch  in  feet 

per  second,  and  discharges  In  cubic  feet 

per  minu^. 


1681 


158-1 


1581    160 


178-9 


178-9 


178-9 


158-5 


159 'S 


159-6 


1621 


167 


1751    178*8 


176 


176-7 


182 


180*8 


1-5 


2 


161-4 


166-8 


177 


lfiS-5 


192 


188-9 


164 


178 


190 


1901 


204 


199-8 


2-5 


167 


180 


205 


198-8 


218 


218 


171 


189 


222 


207-6 


284 


228 
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hxi,  must  be  taken  equal  to  10  inches,  and  the  length, 

/,  equal  to  1  foot. 

In  equations  (l)  and  (n)  we  can  get.  Table  II.,  the 

values  of  the  head,  h^,  due  to  velocity  of  approach  r|^ 

as  follows : 

t*.  »  %      %      1%      %      2 '5,    8*0  ;  in  feet  per- second. 

A.  =   *047,  '186,     '419,  745,  116,  1 -68  ;  theoretical  head  in  inches. 

Then 

h,  -  -111,  -447,     -997,  1-77,  2*76,  4';  for  a  coefficient  of  -648, 

and 

K  -  -093,  -866,     -888,  1*47,  2*29,  881;  for  a  coefficient  of  712. 

^Vllence  as  hy^  =  10  inches,  we  shall  have  in  equation 

m, 

—  =  -Oil,  -045,     -1,        -18,     -28,       -4 ;  for  a  coefficient  of  648, 

and 

^'-  -  -009,  -087,     -088,     -15,       -28,     '88  ;  for  a  coefficient  of  712  ; 

and  hence,  by  means  of  Table  IV.  f  1  +-,-*)  "  (  f^/ 

becomes  of  the  following  respective  values  suited  to 
the  above  velocities, 

1*015,  1-059,  1122,  1*205,  1*8,      1 '408  ;  for  a  coefficient  of  "648, 

and 

1-013,  1*049,  1-104,  1*175,  1-254,  1*844 ;  for  a  coefficient  of '712. 

These  latter  values  multiplied,  in  order,  by  the  initial 
values  of  the  discharges,  158*1  and  173*9,  in  the  above 
table,  give  the  discharges  in  the  thii*d  and  fifth  lines 
corresponding;  due  to  the  respective  velocities  of 
approach. 

The  accordance  between  the  results  in  the  last  two 
lines  of  the  table  is  remarkable.  Table  Y.  shows 
that  if  the  coefficient  be  *667  when  the  water  above  the 
crest  is  still,  it  will  be  increased  to  '712  when  the  ap- 
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proaching  channel  is  about  1'88  times  the  section  of 
the  water  in  the  notch,  and  this  only  when  ir  is  taken 

as  in  equation  (44).  If  the  arrises  of  the  two-inch 
thick  waste  board  be  rounded,  the  coefficient  must 
also  be  considerable,  although  uncertain ;  but  as  the 

equation  t>^  =  5*5  V  AJ  +  '8  li/tj  appears  to  have  been 
framed  by  Mr.  Taylor,  to  express  special  experiments 
made  for  Mr.  Simpson,  in  which  the  quantities  varied 
from  5  to  152  cubic  feet  per  minute,  and  for  heads  on 
a  four-foot  weir  var}dng  from  1  inch  to  8  inches,* 
it  must  be  concluded  that  the  coefficient  for  heads 
measured  from  still  water  above  the  crest  in  those 
experiments  suited  to  the  form  of  the  weir  used,  and 
to  its  attendant  circumstances,  is  *712. 

Equations  (39)  and  those  from  (a)  to  (f^)  may  be 
easily  changed  into  forms  in  which  only  the  depth  h^, 
the  velocity  of  approach,  and  the  coefficient  of  velocity 
(in  this  case  equal  to  that  of  discharge)  c^,  are  intro- 
duced. It  is,  however,  only  necessary  here  to  reduce 
the  general  form  (a)  p.  114,  for  feet  measures,  which 

becomes,  after  substituting  for  h^  its  value  •  *q  % 
and  making  some  reductions, 

(Ai.  ' 


•01084 


D^  = 


,^"U(64-4cS/i,  +  ri!)5--t;2}; 


and  for  time  in  minutes  the  discharge  is 

*  Vide  p.  22,  lietter  dated  16th  August,  1858,  from  the  Gorem- 
ment  Referees  to  the  Right  Hon.  Lord  John  Manners,  on  the  subject 
of  the  Metropolitan  ilain  Drainage. 
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ik,.)  v:  =  ^|-  I  {(64-4  4  h^  +  tD » -  fj}  ; 

in  which  i\  still  continues  the  velocity  in  feet  per 
second,  as  determined  from  observation.  These  for- 
mulae may  be  again  reduced  to  many  others.  If  h^  be 
taken  in  inches  (A^)  becomes 

•621  5 

<As.)  D^  =  -^  i  {  (5-37  c5  Ab  +  fj)  *-  vi}. 

Mr.  Pole,  in  a  letter  to  Mr.  Simpson  and  Captain 
Oalton,  already  referred  to,  gives  the  special  value, 

v,=  l-06l{{SK  +  tif-vi}, 
which  con^esponds  very  closely  with  the  experiments 
made  for  Mr.  Simpson.     If  c^  =  '712,  which  also 
closely  corresponds  with  those  experiments,  our  equa- 
tion (A3)  becomes  for  them 

(A4.)        D.  =  1-225  I  { (2-72  K  +  v'J  -  vl}  ;    • 
but  the  amount  of  the  discharge  must  always  depend  on 
the  coefficient  c^,  equation  (A3)  suited  to  the  special 
<;ircumstances  of  the  case  under  consideration. 

The  form  of  equation  for  the  discharge  proposed  by 
Mr.  Boyden*  includes  the  effects  of  the  end  con- 
tractions :  it  is 

T>  =  c  {I  —  b  n  hy^}  hy^^ 

in  which  c  =^  ^  c^  \/  2  g,  n  the  niunber  of  end  con- 
tractions, I  the  length  of  the  weir,  h^  the  head 
measured  from  the  surface  of  the  water  above  the 
curvature  of  approach,  and  6  a  coefficient  due  to  the 
nature  of  the  end  contractions.  The  mean  nume- 
rical expression  for  this  formula,  derived  by  Francis 
from  his  experiments,  is  for  feet  measures,  per  second, 

*  Francises  Lowell  Hydraulic  Experiments,  p.  74. 
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D  =  8-38  {I  -  'lnh^)hj,* 
but  the  value  of  c  varied  from  8-803  to  8-8617.  These 
results  give  corresponding  values  of  c^  =  '617  to  "628^ 
and  when  c  =  8*88,  c^  =  •628.  The  experimental 
results  compared  with  this  formula  have  been  referred 
to  at  p.  71. 

Francis's  Lowell  experiments  on  a  wooden  dam 
10  feet  long,  level  and  8  feet  wide  at  the  crest,  with 
a  head  slope  of  8^  to  1  in  a  channel  10  feet  wide> 
give,  for  heads  between  6  and  20  inches,  a  mean 
coefficient  of  '668  or  '565.  This  for  feet  measures, 
would  give  for  the  discharge  per  second 

D  =  8-02  hK 
For  greater  depths,  on  this  width  of  crest,  the  dis* 

charge  would  probably  rise  as  high  as  8*1  /i^  or  8*8  fe*. 
The  section  of  the  dam  was  the  same  as  that  erected 
*  by  the  Essex  Company  across  the  Merrimack  Kiver,. 
at  Lawrence,  Massachusetts.  See,  also,  Table  of 
Coefficients,  p.  68. 

Li  equation  (18),  p.  42,  there  is  given  a  general 
expression  for  the  value  of  d  through  4  triangular 
notch.  Professor  Thomson,  of  the  University  of 
Glasgow,  in  a  paper  read  at  the  British  Association 
at  Leeds  in  1858,  says : — 

"  The  ordinary  rectangular  notches,  accurately  ex- 
perimented on  as  they  have  been,  at  great  cost  and 
with  high  scientific  skill,  in  various  countries,  with 
the  view  of  deteimining  the  necessary  foimulas  and 
coefficients  for  their  application  in  practice,  are  for 
many  purposes  suitable  and  convenient.  They  are,, 
however,  but  ill  adapted  for  the  measurement  of  very 

*  Francises  Lowell  Hydraulic  Experimental  p.  119. 
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variable  quantities  of  water,  such  as  commonly  occur 
to  the  engineer  to  be  gauged  in  rivers  and  streams. 
If  the  rectangular  notch  is  to  be  made  wide  enough 
to  allow  the  water  to  pass  in  flood  times,  it  must  be 
«o  wide  that  for  long  periods,  in  moderately  ixy 
weather,  the  water  flows  so  shallow  over  its  crest, 
that  its  indications  cannot  be  relied  on.  To  remove, 
in  some  degree,  this  objection,  gauges  for  rivers  or 
streams  are  sometimes  formed,  in  the  best  engineering 
practice,  with  a  small  rectangular  notch  cut  down 
below  the  general  level  of  the  crest  of  a  large  rectan- 
gular notch.  If  now,  instead  of  one  depression  being 
made  for  dry  weather,  we  use  a  crest  wide  enough  for 
use  in  floods,  we  conceive  of  a  large  number  of  de- 
pressions extending  so  as  to  give  the  crest  the  appear- 
ance of  a  set  of  steps  of  stairs,  and  if  we  conceive  the 
number  of  such  steps  to  become  infinitely  great,  we  are 
led  at  once  to  the  conception  of  the  triangular  instead 
of  the  rectangular  notch.  The  principle  of  the  trian- 
gular notch  being  thus  arrived  at,  it  becomes  evident 
there  is  no  necessity  for  having  one  side  of  the  notch 
vertical,  and  the  other  slanting ;  but  that,  as  may  in 
many  cases  prove  more  convenient,  both  sides  may  be 
made  slanting,  and  their  slopes  may  be  alike.  It  is 
then  to  be  observed,  that  by  the  use  of  the  triangular 
notch,  with  proper  formulas  and  coefficients  derivable 
by  due  union  of  theory  and  experiments,  quantities  of 
running  water  from  the  smallest  to  the  largest  may  be 
accurately  gauged  by  their  flow  through  the  same 
notch.  The  reason  of  this  is  obvious,  from  consider- 
ing that  in  the  triangular  notch,  when  the  quantity 
lowing  is  very  small,  the  flow  is  confined  to  a  small 
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space  admitting  of  accurate  measurement;  and  that 
the  space  for  the  flow  of  water  increases  as  the  quantity 
to  be  measured  increases,  but  still  continues  such  as  to 
admit  of  accurate  measurement. 

"Further,   the    ordinary  rectangular  notch,  when 
applied  for   the  gauging  of  rivers,  is  subject  to  a 
serious  objection  from  the  difficulty  or  impossibility  of 
properly   taking  into    account  the  influence   of   the 
bottom  of  the  river  on  the  flow  of  the  water  to  the 
notch.    If  it  were  practicable  to  dam  up  the  river  so 
deep  that  the  water  would  flow  through  the  notch  as 
if  coming  from  a  reservoir  of  still  water,  the  difficulty 
would  not  arise.    This,  however,  can  seldom  be  done 
in  practice,  and  although  the  bottom  of  the  river  may 
be  so  £eu:  below  the  crest  as  to  produce  but  little  effect 
on  the  flow  of  the  water  when  the  quantity  flowing  is 
small,  yet  when  the  quantity  becomes  great,  the  velo> 
city  of  approach  comes  to  have  a  very  material  influ- 
ence on  the  flow  of  the  water,  but  an  influence  which  is 
usually  difficult,  if  not  impracticable,  to  ascertain  with 
satisfactory  accuracy.    In  the  notches  now  proposed  of 
a  triangular  form,  the  influence  of  the  bottom  may  be 
rendered  definite,  and  such  as  to  affect  alike  (or  at 
least  by  some  law  that  may  be  readily  determined  by 
experiment)  the  flow  of  the  water  when  very  small,  or 
when  very  great,  in  the  same  notch.    The  method  by 
which  I  propose  that  this  may  be  effected  consists 
in  carrying  out  a  floor,  starting  exactly  from  the  vertex 
of  the   notch,    and   extending  both  up-stream  and 
laterally,  so  as  to  form  a  bottom  to  the  channel  of 
approach,  which  will  both  be  smooth  and  will  serve  as 
the  lower  bounding  surface  of  a  passage  of  approach 
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imchangmg  in  form  while  increasing  in  magnitude,  at 
the  places  at  least  which  are  adjacent  to  the  vertex  of 
the  notch.  The  floor  may  be  either  perfectly  level,  or 
may  consist  of  two  planes,  whose  intersection  would 
start  from  the  vertex  of  the  notch,  and  would  pass  up- 
stream perpendicularly  to  the  direction  of  the  weir 
board;  the  two  planes  slanting  upwards  from  their 
intersection  more  gently  than  the  sides  of  the  notch. 
The  level  floor,  although  theoretically  not  quite  so 
perfect  as  the  floor  of  two  planes,  would  probably  for 
most  practical  purposes  prove  the  more  convenient 
arrange^ient. 

"  With  reference  to  the  use  of  the  floor  it  may  be 
said,  in  short,  that  by  a  due  arrangement  of  the  notch 
and  the  floor,  a  discharge  orifice  and  channel  of 
approach  may  be  produced,  of  which  (the  upper  surface 
of  the  water  being  considered  as  the  top  of  the  channel 
and  orifice)  the  form  will  be  unchanged  or  but  little 
changed,  with  variations  of  the  quantity  flowing ;  very 
much  less  certainly  than  is  the  case  with  rectangular 
notches. 

"  Whatever  may  be  the  result  in  this  respect,  the 
main  object  must  be  to  obtain,  for  a  moderate  number 
of  triangular  notches  of  different  forms,  and  both  with 
and  without  floors  at  the  passage  of  approach,  the 
necessaiy  coefficients  for  the  various  forms  of  notches 
and  approaches  selected,  and  for  various  depths  in  an}'^ 
one  of  them,  so  as  to  allow  of  water  being  gauged  for 
practical  purposes,  when  in  future  convenient,  by 
means  of  similarly  formed  notches  and  approaches. 
The  utility  of  the  proposed  system  of  gauging  it  is  to 
be  particularly  observed,   wiU  not    depend    upon  a 
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perfectly  close  agreement  of  the  theory  described  with 
the  experiments,  because  a  table  of  experimental 
coefficients  for  various  depths,  or  an  empirical  formula 
slightly  modified  from  the  theoretical  one,  will  serve 
all  purposes. 

"To  one  evident  simpKfication  in  the  proposed 
system  of  gauging,  as  compared  with  that  by  rect- 
angular notches,  I  would  here  advert,  namely,  that 
in  the  proposed  system  the  quantity  flowing  comes 
to  be  a  function  of  only  one  variable — ^namely,  the 
measured  head  of  water — ^while  in  the  rectangular 
notches  it  is  a  function  of  at  least  two  variables, 
namely,  the  head  of  water,  and  the  horizontal  width 
of  the  notch ;  and  is  commonly  also  a  function  of  a 
third  variable  very  difficult  to  be  taken  into  account, 
namely,  the  depth  from  the  crest  of  the  notch  down 
to  the  bottom  of  the  channel  of  approach,  which 
depth  must  vary  in  its  influence  with  all  the  varying 
ratios  between  it  and  the  other  two  quantities  of  which 
the  flow  is  a  function. 

**  The  proposed  system  of  gauging  also  gives  facili- 
ties for  taking  another  element  into  account  which 
often  arises  in  practice  —  namely,  the  influence  of 
back  water  on  the  flow  of  the  water  in  the  gauge, 
when,  as  frequently  occurs  in  rivers,  it  is  found 
impracticable  to  dam  the  river  up  sufficiently  to  give 
it  a  clear  overfall  free  from  the  back  or  tail  water. 
For  any  given  ratio  of  the  height  of  the  tail  water 
above  the  vertex  of  the  notch  to  the  height  of  head 
water  above  the  vertex  of  the  notch,  I  would  antici- 
pate that  the  quantities  flowing  would  stiU  be  approxi- 
mately at  least,  proportional  to  the  3  power  of  the 
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head,  as  before ;  and  a  set  of  coefficients  would  have 
to  be  determined  experimentally  for  different  ratios 
of  the  height  of  the  head  water  to  the  height  of  the 
tail  water  above  the  vertex  of  the  notch. 

"  I  have  got  some  preliminary  experiments  made  on 
a  right-angled  notch  in  a  vertical  plane  surface,  the 
sides  of  the  notch  making  angles  of  46°  with  the 
horizon,  and  the  flow  being  from  a  deep  and  mde 
pool  of  quiet  water,  and  the  water  thus  approaching 
the  notch  uninfluenced  by  any  floor  or  bottom.  The 
principal  set  of  experiments  as  yet  made  were  on 
quantities  of  water  varying  from  about  2  to  10  cubic 
feet  per  minute ;  and  the  depths  or  heads  of  the  water 
varied  from  2  mches  to  4  inches  in  the  right-angled 
notch.     From  these  experiments  I  derive  the  formula 

Q  =  0-317  h2 
where  q  is  the  quantity  of  water  in  cubic  feet  per 
minute,  and  h  the  head  as  measured  vertically  in 
inches  from  the  still  water  level  of  the  pool  down  to 
the  vertex  of  the  notch.  This  formula  is  submitted 
at  present  temporarily  as  being  accurate  enough  for 
use  for  ordinary  practical  purposes  for  the  measure- 
ment of  water  by  notches  similar  to  the  one  experi- 
mented on,  and  for  quantities  of  water  limited  to 
nearly  the  same  range  as  those  in  the  experiments ; 
but  as  being,  of  course,  subject  to  amendment  by 
more  perfect  experiments  extending  through  a  wider 
range  of  quantities  of  water." 

In  the  first  edition  of  this  book  we  gave  the  general 
form  of  the  equation  for  the  discharge  through  tri- 
angular notches,  and  also  showed  the  general  applica- 
tion of  the  coefficients  '617   to  "628  for  all  forms  of 
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'Orifices  and  notches  in  thin  plates.  '617,  as  shown  in 
note  p.  42,  gives  a  result  identical  \vith  the  practical 
results  of  Professor  Thomson's  experiments.  The 
{^eat  advantage  of  the  tiiangular  notch  for  gauging  is, 
that  the  sections  for  all  depths  flowing  over  are  similar 
triangles,  and  therefore  the  coefficient  probably  remains 
constant,  or  nearly  so,  not  only  for  one  but  for  all 
species  of  triangles,  when  the  depth  at  the  apex  is  not 
very  small  indeed  in  proportion  to  the  width  flowing 
over  at  the  sui'face. 

The  disadvantage  of  the  proposed  triangulai*  form 
•of  dejiression,  if  xJeimanent  in  a  dam,  would  be  that 
the  angular  point  should  be  at  a  lower  level  than  the 
top  of  a  horizontal  crest  to  maintain  the  same  level, 
above  of  the  water,  during  floods ;  and  therefore  the 
2)ower  of  the  water  and  head  would  be  reduced  at  the 
l>eriod  when  most  required  for  mill-x>ower  or  navigation 
l^m-poses ;  that  is,  during  dry  weather.  For  drainage 
purposes  the  winter  level  or  that  during  floods,  must 
evidently  be  kept  down,  unless  when  the  banks  are 
-steep,  and  along  rapids ;  but  these  remarks  do  not 
apjjy  to  dams  erected  across  miUi*aces  or  streams  where 
the  banks  are,  generally,  considerably  above  floods; 
they  only  refer  to  occasions  for  permanent  gauging, 
to  find  the  relations  of  evaporation,  absoii)tion,  and 
discharge  for  lai'ge  catchment  ai*eas.  For  notch 
gauging,  to  determine  tlie  useful  effect  of  water  engines, 
rectangular  forms  in  thin  plates  have  the  coefficients 
already  well  detennined,  and  the  calculations  are  easy. 
Rivers  and  lai'ge  quantities  of  flowing  water  in  the 
absence  of  a  weir,  are  best  gauged  hy  selecting  some 
portion   where    the  section   and   velocity  are  nearly 
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uniform  and  determining  each  of  these  irota  the 
soundings,  and  the  observed  velocities  between  them, 
from  bank  to  bonk.  The  jagged,  loose  and  irregular 
crests  on  most  mill- weirs  are  mifit  to  gauge  from. 

,  In  weirs  at  light 
angles  to  channels 
with  parallel  sides, 
tlie  sectional  area 
can  never  equal 
that  of  the  channel 
unless  it  be  mea- 
sured at  or  above  the  point  a,  where  the  sinking  of  tlie- 
overfall  commences ;  and  unless  also  the  bed  c  d  and 
sm'face  A  B  have  the  same  inclination.  In  all  open 
channels,  as  millraces,  streams,  rivers,  the  supply  \& 
derived  fi'om  the  surface  inclination  of  a  b,  and  this  in- 
clination regulates  itself  to  the  dischaiging  power  of 
the  overfall.  When  the  ovei'fall  and  channel  have  the 
same  nidtb,  and  the  latter  is  considerable,  then,  as 
shall  appear  hereafter,  91  "/kg  is  the  mean  velocity 
in  the  channel,  where  /(  is  the  depth  in  feet  and  s  th& 
rate  of  inclination  of  the  surface  a  b.  Also  -  "*/  i  g  k 
is  the  theoretical  velocity  of  discharge  at  the  overfail, 
of  equal  depth  with  the  channel,  and,  when  both  velo- 
cities are  equal, 

I  \^277i  =  6-35  V"A  =  91  VT7; 
from  wliich  is  found 

s=~  =  -00346, 
the  inclination  of  b  a  when  tlie  supply  is  equal  to  tlie 
theoretical  discharge  at  the  ovei'fall.     If  the  coefficient 
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at  the  overfall  were  ■628,  or,  which  is  neai-ly  the  same 
thing,  if  a  large  and  deej)  weir  basin  intervene  between 
tlie  weii-  and  channel,  Fig.  19,  a  a  would  be  level,  the 


■velocity  of  approach  would  be  desti-oyed,  and  then 
6-35  X  -628  s/Tt  -  3-36  \Oi  =  91  VXs^; 
and  thence  the  inclination  of  b  a  is 
g  -  ^  =  -00136 
Tery  nearly.     When  discussing  the  surface  inclination 
of  rivers,  it  will  be  seen  that  the  conditions  here  as- 
sumed and    the  resulting   surface   inclinations  would 
produce  velocities  that  would  destroy  the  regimen  and 
involve  a  considerable  loss  of  head.     If  the  quantity 
<1ischarged  under  both  circumstances  be  the  same,  and 
h  be  tlie  depth  in  the  first  case,  Fig.  18,  then  the  head 

in  the  latter  case.  Fig.  19,  is  equal  \~J  h  =  1'36 h 

very  nearly,  from  which  and  tlie  surface  inclination  the 
extent  of  the  backwater  may  be  found  with  sufficient 
Accuracy.  When,  in  Fig.  19,  the  inclination  of  a  b 
exceeds  ^,  the  head  at  a  must  exceed  the  depth  of  the 
river  above  a.  Further  on,  Section  X.,  some  remai-ks 
will  be  found  on  the  backwater  curve. 
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SECTION  V. 

STJBSEBQED   ORIFICES  AND   WBIR3.- 
CHANNELS. 


-COXTEACTED   RIVER 


The  available  pres- 
I  sure  at  any  point  in 
\  the  depth  of  the  ori-« 
I  fice  A,  Fig.  20,  is. 
I  equal  to  the  diffe- 
1  rence  of  the  pres- 
"  sures  on  each  side. 
This  difference  is  equal  to  the  pi-essuie  due  to  the 
height  A,  between  the  water  sm-faces  on  each  side  of 
the  orifice ;  in  this  cite,  the  velocity  is 
(47.)  v=e^  ^7a7 

and  the  dischai-ge 

(48.)  T>=ldCi-^<igh; 

in  which,  as  before,  I  is  the  length,  and  d  the  deptli  of 
the  rectangular  orifice  a. 

When  the  orifict- 
s  pai-tly  submerged, 
IS  in  Fig.  21,  /<,,— 
h=dt  may  be  put 
for  the  submerged 
depth,  nnd  h — h^— 
tlie  remaining 
poiiion  of  the  depth;  whence  i/,  +  rfj— rf  is  the  entire 
dejith.     'I  he  discharge  through  the  aubnierged  dejitU 
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dt  ha  e^l  di  y.  "J  2  g  h,  and  the  discharge  through 
the  upper  portion  d^  is 

whence  the  whole  discharge^ — assuming  the  coefficient 
of  discharge  c^  is  the  same  for  the  upper  and  lower 
depths — is 

(49.)      D=Cd  Z  V"27  I  i  ,Vir  +  J  (fc* -  h})  } 
Y^e  may,  however,  equation  (81),  assume  that 

very  nearly,  and  hence 


(60.)    D=ca  Id^Vigh  +  Cald  J  29Q,,  —  '^). 

As  %t  +  5^  ~  '*  ""  ~  *^^  equation  may  be  changed 
into 


(61.)    D=:CdZrfaN/2^A  +  CdZcfi^  2^(/rt  +  ^). 
In  either  of  these  forms  the  values  of 

oa  y/2jh,  c^J^g(^  h  -  l'),and  e^J  2  g  ^h,  +^) 

can  be  had  from  Table  II.,  and  the  value  of  the 
discharge  d  thence  easily  found.  "When  A— A|k=A,,— ft, 
the  mean  value  of  c^  may  be  taken  at  about  *685 ;  that 
is  when  the  backwater  rises  to  the  centre  of  the 
orifice. 

When  the  water  approaches  the  orifice  with  a  de- 
terminate velocity,  the  height  ftj^  due  to  that  velocity 
can  be  found  from  Table  II.,  and  the  discharge  is 
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then  found  by  substituting  h-\-h^  and  At+A.  for  h  and 
At  in  the  above  equations. 

In  the  submerged 

I  weir,  Fig.  22,  h  be- 
U  comes  equal  to  di, 
I  and  ^=0;  the  dis- 
E  charge,  equation 
I  (49),  then  becomes 

=Cfl  i  rf,  V  2  3  di  +  ^  ca  idi  V  aydT,  or 

When  the  water  approaches  with  a  velocity  due  to  the 
height  A,,  then  ft  becomes  h+h^  hi=h^,  and  equation 
(49)  becomes 
(53.)D=ca!  V^|d,VdrTA.+  ^(d, +  ft.)*-A.'}. 

In  the  Improvement  of  the  Navigation  op 
BiVEBS,  it  is  sometimes  necessary  to  construct  weirs 
so  as  to  raise  the  upper  waters  by  a  given  depth,  di. 
The  discharge  d  is  in  such  cases  previously  known,  or 
easily  determined,  then  from  the  values  of  di,  and  d, 
and  equation  (52),  the  value  of  the  rise  over  the 
crest, 

(54.)  ds=^ ^-^=.-  -  d, ; 

or,  by  taking  the  velocity  of  approach  into  account, 

(55.)     d.=  — ^"  _j(^.+jJ-.l!. 

CdiV23(di+A0       »      Vdi  +  A, 
This  value  of  dj  must  be  the  depth  of  the  top  of  the 
weir  below  the  original  surface  of  the  water,  in  order 
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that  this  surface  should  be  raised  by  a  given  depth,  di* 
When  fcifc  is  small  compared  with  ^2)  -   C^i+^a)   may 

3 

be  put  for  -  x  (^i±l^_^_j:i!Jt  in  equation  (55). 

Example  VI. — A  river  whose  width  at  the  surface  is 
70  feet,  whose  hydraulic  mean  depth  is  4*4  feety  and 
whose  cross  sectional  area  is  325  feet,  has  a  surface  in-- 
Hination  of  1  foot  per  mile ;  to  what  depth  below,  or 
height  above  the  surface  must  a  weir  at  right  angles  to 
the  channel  be  raised,  so  that  the  depth  of  water  im^ 
mediately  above  it  shall  be  increased  by  dl^feetf 

When  the  hydraulic  mean  depth  is  4*4  feet,  and  the 
fall  per  mile  1  foot,  from  Table  VIII.  the  mean 
velocity  of  the  river  is  29*98  or  80  inches  very  nearly 
per  second.  The  discharge  is,  therefore,  825  x  2^ 
=  812*5  cubic  feet  per  second,  or  48750  cubic  feet  per 

minute*     Hence,  — -  =  696'4  cubic  feet,  must  pass 

over  each  foot  in  length  of  the  weir  per  minute.  As- 
suming the  coefficient  c^  =  *628  in  the  first  instance, 
from  Table  VI.  the  head  passing  over  a  weii*  corres- 
])onding  to  this  discharge  is  27*4  inches ;  but  as  the 
head  is  to  be  increased  by  8i  feet,  or  42  inches,  it  is 
clear  that  the  weir  must  be  perfect;  that  is,  have  a 
clear  overfall,  and  rise  42  —  27*4  =  14*6  inches  over 
the  original  water  surface.  In  order  that  the  weir  may 
be  submerged,  or  imperfect,  the  head  could  not  be  in* 
creased  by  more  than  27*4  inches.  Therefore,  assume 
the  example,  tluit  the  increase  sJiaU  be  only  18  instead  of 
42  inches  ;  the  weir  then  becomes  submerged,  and,  from 
equation  (54), 
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d^=  f2£^= ^--xl8"(asi  =  lfoot). 

-628  Vis''  X  2g      ^ 

The  value  of  the  first  part  of  this  expression  is  found 

from  Tarle  VI.  or  Table  II.  equal  to 

„     .'°°-^  =  ^  =  1-88  fee.  =  2256  i.. ; 

^  X  i  X  370'S41      ^^^  ^*^ 

18         S 

86 
hence  22*56  —  -—  =  10*56  inches  is  the  value  of  d^ ; 

o 

that  is,  the  submerged  weir  must  be  built  within  10*56 

inches  of  the  surface  to  raise  the  head  18  inches  above 

the  former  level.     If,  however,  the  velocity  of  approach 

812*5 
be  taken  into  account,  it  is  equal  to  -tqtt-  =  2  feet  per 

second  very  nearly ;  and  the  height,  or  value  of  /*»,  due 

to  this  velocity,  taken  from  Table  II.,  is  -  =  '75  inch 

nearly ;  therefore,  from  equation  (55), 

J 696-4_  _  t  ^  (18-75)^  -  ('75)^ 

•628  V  2  ji  >ri8-"75        '  V  18-75 

The  value  of ,—^'L^..^.  =  (from  Table VI.) 

•628  V  2  <7  X  18-75 

696-4  696-4         ,  o. »    .      oono- 

IS  — —- =  „~H-7T*  =  1-84  feet  =  22-08  m,; 

1x^x393-75      «7«-«* 

also  1  X  (18-75)^  -jllg)!  =  !.  ^  is-ys  -  \  x  J^S 
2  V 18-75  '  '     V18-75 

=  12-5  -  \  x  ^^-  =  12-5  -  -1  =  12-4. 
»       4-33 

Hence  d,  =  22^08  —  12-4  =  9'68  inches,  or  ahout  1 

inch  less  than  the  value  previously  found  from  equa- 

*  This  U  found  from  Tabus  II.  more  readily. 
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tion  (54).  The  mean  coefficient  of  discharge  was  her& 
assumed  to  be  '628.  Experiments  on  submerged  weirs, 
show  that  the  value  of  c^  varies  &om  *5  up  to  '8,  but. 
as  this  coefficient  would  reduce  the  value  of  d^y  or  the 
depth  of  the  top  of  the  weir  below  the  surface,  it  ia 
safer  (where  a  given  depth  above  a  weir  must  be  ob- 
tained) to  use  the  lesser  and  ordinary  coefficients  of 
perfect  weirs,  with  a  clear  overfall,  for  finding  the  crest 
levels  of  submerged  weirs,  when  it  is  necessary  to  con- 
struct them.  If  the  coefficient  "8  were  used  in  the^ 
previous  calculation,  then  would  have  been  found  d^  = 

•628x22:08  _  ^2-4  =  17-88  -  12-4  =  4-93  in.,  or 
'8 

not  much  more  than  half  the  j^re^-ious  value ;  and  this. 

would  only  increase  tlie  whole  height  of  the  weir  by 

9-68  -  4-98  =  4-75  inches. 

As  D  =  J  Cd  Z  \/"2^  {{di  +  AJ^  —  //|}  for  a  perfect. 

weir  with  a  free  overfall,  it  is  clear  that  when  d  is 

greater  than  g  Ca  i  v  2  r/  {(dj  +  /«J'  —  /jj},  the  weir  is. 

imperfect  or  submerged.      For  backwater  curve  see 
Section  X. 

In  the  following  table  of  coefficients  from  Lesbros* 
d^  is  measured  from  that  point  below  the  weir  where 
its  value  is  a  minimum.  On  examining  equation  (52),. 
it  will  be  seen  that  the  equation  d  =  c^  { (cJ^  +  d^ 

y/  2  g  di  adopted  by  Lesbros  is  incorrect,  and  can  only 
be  safely  used  within  the  limits  of  his  experiments. 

*  Vide  p.  84,  dcuxi^mo  Edition,  Hydraulique,  pap  Arthur  Moriiu 
Paris,  1853. 
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COEFFICIENTS  FOR  SUBMERGED  NOTCHES. 


Values  of 


Values  of  the 

coefficient  c^ 

in  the  formula 

D  =  c^  I  (d^  +  d, 

X  V2  g  d^ 


•001 
•002 
•003 

•004 
•005 
•006 
•007 
•008 
•009 
•010 
•015 
•020 
•025 
•030 
•035 
•040 
•045 
•050 


•227 
•295 
•368 

•430 
•496 
•556 
•597 
•605 
•600 
•596 
•580 
•570 

•557 
•546 
•537 
•581 
•526 
•522 


Values  of 
d^ 

cCx  +  rf. 


•060 
•680 
•100 
•150 
•200 
•250 
•800 
•850 
•400 
•450 

•500 
•550 
•600 
•700 
•800 
•900 
1^000 


Values  of  the 
coefficient  c^ 

in  the  formula 
X  \/^gd~. 


•519 
•617 
•516 
•512 
•507 
•602 
•497 
•492 
•487 
•480 

•474 
•466 
•459 
•444 
•427 
•409 
•890 

»» 


The  experimental  values  are  those  shown  between  the  horizontal  lines, 
the  others  above  the  upper  ones,  and  below  the  lower  ones,  were  deduced 
from  calculation  by  Lesbros. 


The  true  value  of  the  discharge  is  expressed  by  the 

equation  i>  =  CdZ-|jdi  +  ^r   xv^S^di,  and  the 

values  of  c^  in  the  above  table  are,  therefore,  too  small^ 
applied  to  the  correct  formula.  When  di  =  d^  the 
table  gives  c^  =  •474.  Now  for  weirs  in  which  the 
sheet  passing  over  is  "  drowned,"  the  general  value  of 
the  coefficient  is  about  '67 ;  this  would  give  the  coeffi- 
cient for  the  lower  portion  da,  in  the  ti'ue  formula,  equal 
to  '503,  and  a  mean  coefficient  c^  in  the  correct  formula 
(62)  equal  to  '569  nearly.  When  d^  =  200  rfi,  the  ap- 
2)arent  limits  of  the  experiments  on  the  other  side,  then 
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the  mean  value  of  c^  =  '496  nearly  in  equation  (62). 
These  results  would  show  that  the  coefiScient  due  to 
the  submerged  depth  d^,  in  the  first  and  last  experi- 
ments, is  equal  to  about  '5  nearly,  (but  varies  to  '6 
nearly  in  some  of  the  middle  experiments,)  or  there- 
abouts,  and,  therefore,  equation  (52)  for  submerged 
weirs,  as  the  coefficient  for  the  upper  part  di  is  '67, 
would  become 

(62a.)    b  =  I  X  {-446  ii  -h  -6  d^}  x  V  2  g  di ; 
which  for  feet  measures  would  become  again 

(52b.)    b  =  1  X  VTj  X  {8-56  dj  +  4  d^}, 
for  the  discharge  in  cubic  feet  per  second  over  a  sub- 
merged weir,  Fig.  22. 


CONTRACTED  RIVER  CHANNELS, 

When  the  banks  of  a  river,  whose  bed  has  a  uniform 
inclination,  approach  each  other,  and  contract  the 
width  of  the  channel  in  any  way,  as  in  Fig.  28,  the 


water  will  rise  in  the  channel  above  the  contracted  por- 
tion A,  until  the  increased  velocity  of  discharge  com- 
pensates for  the  reduced  cross  section.  If,  as  before, 
di  be  put  for  tlie  increase  of  depth  immediately  above 
the  contracted  width,  and  d^  for  the  previous  depth  of 
the  channel,  the  quantity  of  water  passing  through  the 

lower  depth,  d^*  is  equal  to  c^l  d^  y/  2  g  rfj,  in  which  I 
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is  the  width  of  the  contracted  channel  at  a,  and  the 
•quantity  of  water  overflowing  through  rfi  equal  to  -  x 

<(!ildi  V  2  gr  rfi ;  and  hence  the  whole  discharge  through 
A  is 

(56.)  D  =  Cd  Z  V  2y5r(^  +  l^i)- 

When  the  object  is  to  find  the  width  I  of  the  contracted 
•channel,  so  that  the  depth  of  water  in  the  upper 
stretch  shall  be  increased  by  a  given  depth  rfi,  then 
:shall 

<67.)  I  =  ^ 


c^s/'2g~d^{d^'\-\d^ 


AVhen  the  velocity  of  approach  is  considerable,  or  when 
the  height  h^  due  to  it  becomes  a  large  portion  of  rfi, 
its  effect  must  not  be  neglected.     In  this  case,  as  before, 
the  discharge  through  the  depth  d^  is  equal  to  c^l  d^X. 
"s/  2  g  {di  -f  hj  ;  and  the  discharge  through  the  depth 

di  equal  to  -c^l  V~2g  {(rfi  +  1^)^  —  hi};  and  hence 

the  whole  discharge  is 

(58.)  D=ca I  V2^  {d^  {d,  +  K)i  +  -' [((f,  +  hj  -  h\\} ; 

from  which  may  be  found 

<59.)   1= — ^ . 

If  the  projecting  spur  or  jetty  at  a  be  itself  sub- 
merged, these  formulsB  must  be  extended ;  the  manner 
of  doing  so,  however,  presents  no  difficulty,  as  it  is 
only  necessaiy  to  find  the  discharges  of  the  different 
sections  according  to  the  preceding  formulae,  and  then 
4idd    them    together;    but   the  resulting  formula  so 
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found   is    too  complicated    to  be  of  much  practical 
value. 


HEADS  ARISINa  FROM  PIERS  AND  BACKWATER  ABOVE 

BRIDGES. 

Equations  (56),  (57),  (58),  and  (59),  are  applicable 
to  cases  of  contraction  of  river  channels  caused  by  the 
construction  of  bridge-piers  and  abutments,  when  the 
width  I  is  put  for  the  simi  of  the  openings  between 
them.  The  value  of  the  coefficient  c^  will  depend  on 
the  peculiar  circumstances  of  each  case ;  it  was  shown 
that  it  rises  from  *5  to  '7  in  some  cases  of  submerged 
weirs,  and  for  cases  of  contracted  channels  it  rises 
sometimes  as  high  as  *8,  particularly  when  they  are 
analogous  to  those  for  the  discharge  through  mouth- 
pieces and  short  tubes.  When  the  heads  of  the  piers 
are  square  to  the  channel,  the  coefficient  may  be  taken 
at  about  *6 ;  when  the  angles  of  the  cut-waters  or 
sterlings  are  obtuse,  it  may  be  taken  at  about  '7 ;  and 
when  cmved  and  acute,  at  '8.  With  this  coefficient,  a 
head  of  2f  inches  will  give  a  velocity  of  very  nearly  36 
inches,  or  3  feet  per  second ;  but  as  a  certain  amount 
of  loss  takes  place  from  the  velocity  of  the  tail-water 
being  in  general  less  than  that  through  the  arch,  also 
from  obstructions  in  the  passage,  and  from  square- 
headed  and  very  short  piers,  the  coefficient  may  be  so 
small  in  some  cases  as  '5,  which  would  require  a  head 
of  6}  inches  to  obtain  the  same  velocity.  This  head  is 
to  the  former  as  64  to  21.  The  selection  of  the  proper 
coefficient  suited  to  any  particular  case  is,  therefore,  a 
matter  of  the  first  importance  in  determining  the  effect 
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of  obstructions  in  river  channels  :  this  subject  shall  be 
referred  to  again,  but  it  is  necessary  to  observe  here, 
that  the  form  of  the  approaches,  the  length  of  the  piers 
compared  with  the  distance  between  them,  or  span, 
and  the  length  and  form  of  the  obstruction  compared 
with  the  width  of  the  channel,  must  be  duly  considered 
before  the  coefficient  suited  to  the  particular  case  can 
be  fixed  upon.  Indeed,  the  coefficients  will  always 
approximate  towards  those,  given  in  the  next  section, 
for  mouth-pieces,  shoots,  and  short  tubes  similarly  cir- 
cumstanced.  For  some  further  remarks  on  contracted 
channels,  see  Section  X. 


SECTION  VL 

SHORT  TUBES,  MOUTH-PIECES,  AND  APPROACHES. — ^AL- 
TERATION IN  THE  COEFFICIENTS  FROM  FRICTION  BY 
INCREASING  THE  LENGTH. COEFFICIENTS  OF  DIS- 
CHARGE FOR  SIMPLE  AND  COMPOUND  SHORT  TUBES* 
— SHOOTS. 

The  only  orifices  heretofore  referred  to  were  those 
in  thin  plates  or  planks,  with  a  few  incidental  excep- 
tions. It  has  been  shown,  page  86,  Fig.  4,  that  a 
rounding  oflF,  next  the  water,  of  the  mouth-piece  in- 
creases the  coefficient ;  and  when  the  ciirving  assumes 
the  form  of  the  vena-contracta,  the  coefficient  increases 
to  '986,  or  nearly  unity  for  the  outer  orifice.  The  dis- 
charge from  a  short  cylindrical  tube  a.  Fig.  24,  whose 
length  is  from  one  and  a  half  to  three  times  tiie  diameter, 
is  found  to  be  very  nearly  an  arithmetical  mean  between 
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the  theoretical  discharge  and  the  discharge  through  a 
circular  orifice  in  a  thin  plate  of  the  same  diameter  as 
the  tube,  or  "814  nearly.  If,  however,  the  inner  arris 
be  rounded,  or  chamfered  off  in  any  way,  the  coefficient 
will  increase  until,  in  the  tube  b.  Fig.  24,  with  a  pro- 
perly-rounded jimction,  it  becomes  unity  very  nearly. 

Rg.  24. 


In  the  conical  short  tubes  c  and  d  the  coefficients  are 
found  to  vary  according  to  some  function  of  the  con- 
verging or  diverging  angles  o,  o,  and  according  as  the 
lesser  or  greater  diameter  is  taken  to  calculate  from. 
When  the  length  of  the  tube  exceeds  twice  the  dia- 
meter, the  Mction  of  the  water  against  the  sides  may 
be  taken  into  account. 

The  following  table,  calculated,  for  a  coefficient  of 
friction  '00699,  due  to  a  discharging  velocity  of  about 
eighteen  inches  per  second,  see  Section  VIII.,  shows 
the  resistance  arising  from  friction  in  pipes  of  different 
lengths  in  relation  to  the  diameter,  and  will  be  found 
of  considerable  practical  value.  It  will  be  perceived 
that  the  calculations  are  made  for  three  different 
orifices  of  entry.  First,  when  the  arrises  are  rounded, 
as  in  B,  Fig.  24,  with  a  coefficient  of  '986 ;  secondly. 


146 


TEE  DISCHARQE  OF  WATER  FROM 


GOEFFIOIBNTS  FOB  8H0KT  AND  LOKO 
TelodttM  about  1*8  foot  per  second. 

TUBES. 

Kumber  of 

dtunatera  in 

the  length 

of  the  pipe. 

CorreBpondiniir 

coefficients  of  dls- 

chat^,  showlne  tbe 

effects  of  flrlcnon. 

Number  of 

diameters  in 

the  length 

of  the  pipe. 

CoTTtepondinff 

coefficients  of  dis- 

chai:ge,  showin^^  the 

effects  of  friet  on. 

2  diameteiB 

6        „ 
10        „ 

15        „ 

20        „ 

26        „ 

30        „ 

36        „ 

40        „ 

46        „ 

60        „       . 
lOO        „ 
160        „ 
200        „ 
260        „ 
300        „ 
360        „ 
400        „ 
450        „ 
600        „ 
650        „ 
600        „ 

•986 
•936 
•884 
•840 
•801 
•767 
•737 
•711 
•693 
•665 
•646 
•513 
•439 
•389 
•854 
•327 
•304 
•287 
•271 
•258 
•247 
•237 

•814 
•779 
•747 
•720 
•695 
•673 
•653 
•634 
•617 
•601 
•586 
•480 
•418 
•375 
•345 
•318 
•297 
•280 
•266 
•254 
•243 
•234 

1 

•715 
•690 
•668 
•649 
•630 
•615 
•598 
•584 
■570 
-558 
•546 
•458 
•403 
•364 
•334 
•311 
•292 
•276 
•262 
•250 
•240 
•231 

650  diameters 

700        „ 

750        „ 

800        „ 

850        „ 

900        „ 

950        „ 
1000        „ 
1100        „ 
1200        „ 
1400        „ 
1600        „ 
1800        „ 
2000        „ 
2200        „ 
2400        „ 
2600        „ 
2800        „ 
8000        „ 
3200        ,, 
3400        „ 
3600        „ 

•228 
•220 
•213 
•206 
•201 
•195 
•190 
•186 
•177 
•170 
•158 
•148 
•139 
•132 
•126 
•120 
•116 
•112 
•108 
•105 
•102 
•099 

■225 
•217 
•211 
•205 
•199 
•193 
•189 
•184 
•176 
•169 
•157 
•147 
•189 
■132 
•126 
•120 
•116 
•112 
•108 
•105 
•102 
•099 

•223 
•216 
•209 
•203 
•197 
•192 
•187 
•183 
•175 
•168 
•156 
•146 
•138 
•131 
•125 
•120 
•116 
•112 
•108 
•104 
•101 
•099 

See  p.  199. 

when  the  arrises  are  square,  as  in  a,  with  a  coefficient 
of  '815 ;  and,  thirdly,  when  the  pipe  projects  into  the 
Tessel,  when  the  coefficient  of  entry  becomes  reduced 
to  'TIS,     The  velocity  is      ____^ 

V  =  c^  V  2  g  h, 
h  being  measured  to  the  centre;  lower  end  of  the  tube. 
It  is  seen  from  this  table,  that  the  effect  of  adding 
to  the  length  of  the  pipe  is  greatest  next  the  orifice 
of  entry.  The  effect  of  a  few  diameters  added  to  the 
length  in  long  pipes  is,  practically,  immaterial ;  but 
in  short  pipes  it  is  considerable. 
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As  for  orifices  in  thin  plates,  so  also  for  short  tubes, 
the  coefficients  are  found  to  vary  according  to  the 
depth  of  the  centre  below  the  surface  of  the  water, 
and  to  increase  as  the  depths  and  diameter  of  the 
tube  decrease.  Poleni  first  remarked  that  the  dis- 
charge through  a  short  tube  was  greater  than  that 
through  a  simple  orifice,  of  the  same  diameter,  in  the 
proportion  of  138  to  100,  or  as  -617  to  -821. 

CTUNDRICAL   SHORT  TUBES,   A,   FIG,   24. 

The  experiments  of  Bossut;  as  reduced  by  Prony, 
give  the  following  coefficients,  at  the  corresponding 
depths,  for  a  cylindrical  tube  a.  Fig.  24,  1  inch  in 
diameter  and  2  inches  long.     The  depths  are  given  in 


COEFFICIENTS 

FOR  SHORT  TUBES,  FROM  BOSStyT. 

Heads 
in  feet 

CoefSciente. ; 

Heiida 

in  feet 

CoefBcientB. 

Heada 
in  feet 

Goefficienta. 

1 
2 
3 
4 
5 

•818 
•807 
•807 
•807 
•806 

6 
7 
8 
9 
10 

•806 
•806 
•805 
•806 
•805 

11 
12 
13 
14 
15 

•805 
•804 
•804 
•804 
•808 

Paris  feet  in  the  original,  but  the  coefficients  remain 
the  same,  practically,  for  depths  in  English  feet. 

Venturi's  experiments  give  a  coefficient  •823  for  a 
short  tube  a,  1^  inch  in  diameter  and  4|  inches  long, 
at  a  depth  of  2  feet  8^  inches,  the  coefficient  through 
an  orifice  in  a  thin  plate  of  the  same  diameter  and  at 
the  same  depth  being  *622.  The  author  has  calculated 
these  coefficients,  from  the  original  experiments.  The 
measures  were  in  Paris  feet  and  inches,  from  which 
the  calculations  were  directly  made ;  and  as  the  diifer- 

L  2 
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ence  in  the  coefficient  for  small  changes  of  depth  or 
dimensions  is  immaterial  or  vanishes,  as  may  be  seen 
by  the  foregoing  small  table,  and  as  1  Paris  inch  or 
foot  is  equal  to  1*0658  English  inches  or  feet,  the 
former  measures  exceed  the  latter  by  only  about  -rs^th- 
It  may  therefore  be  assumed  that  the  coefficient  for  any 
orifice,  at  any  depth,  is  the  same,  whether  the  dimensions 
be  in  Paris  or  English  feet,  or  inches.  This  remark 
will  be  found  generally  useful  in  the  consideration,  of 
the  older  continental  experiments,  and  will  prevent 
unnecessary  reductions  from  one  standard  to  another 
where  the  coefficients  only  have  to  be  considered. 

The  mean  value  derived  from  the  experiments  of 
Michelotti,  at  depths  from  8  to  20  feet,  and  with  short 
tubes  A  from  \  inch  to  3  inches  in  width,  is  Ca  =  '814. 
Buff's  experiments*  give  the  following  results  for  a 
tube  -^j^  oi  an  inch  wide  and  -^  of  an  inch  long  nearly. 
butt's  coefficients  for  small  short  tubes. 


Head  in 
inches. 

Coefficient 

Head  in 
inches. 

Coefficient 

Head  in 
inches. 

Coefficient 

2J 

•855 
•861 

6 
14 

•840 
•840 

23 
32 

•829 
•826 

The  increase  for  smaller  tubes  and  for  lesser  depths 
appears  by  comparing  these  results  with  the  foregoing, 
and  from  the  results  in  themselves,  generally.  Weis- 
bach's  experiments  give  a  mean  value  for  Cd='815,  and 
for  depths  of  from  9  to  24  inches  the  coefficients  *848, 

m-821,-810r.,pe.ti«l,,fortube,l,l,>d2of<u. 

inch  wide,  the  length  of  each  tube  being  three  times  the 

*  Annalen  der  Physik  und  Chemie  von  Foggendorff,  1839,    Band 
46,  p.  243. 
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diameter.  D'Aubuisson  and  Castel's  experiments  with 
a  tube  '&1  inch  diameter  and  1*57  inch  long,  give  '829 
for  the  coefficient  at  a  depth  of  10  feet.  When  a  pipe 
projects  into  a  cistern  and  has  a  sharp  edge,  the 
coefficient  falls  so  low  as  '715. 

The  coefficients  in  the  following  two  short  tables 
were  calculated  by  the  author  from  Rennie's  experi- 
ments with  glass  orifices  and  tubes,  Table  1,  p.  485, 
Philosophical  Transactions  for  1881.  The  form  of 
the  orifices,  or  length  of  the  shorter  tubes  is  not 
stated,  but  it  is  probable  from  the  result,  that  the 
arrises  of  the  ends  were  in  some  way  roimded  off ;  it 
is  stated  they  were  "enlarged."  Indeed,  the  dis- 
charges from  the   short    tube   or  orifice   of  \  inch 

COEFFICIENTS  FOR  SHORT  TUBES,  THE  ENDS  ENLARGED. 


Head 

iinch 

iinch 

finch 

linch 

infaet. 

dJameter. 

dinmeter. 

diameter. 

1 

1-231 

-831 

•766 

•912 

2 

1-261 

•839 

■820 

•920 

8 

1-346 

•838 

•821 

•880 

4 

1-261 

•831 

•829 

•991 

diameter  exceed  the  theoretical  ones  in  the  proportion 
of  1*261  to  1,  and  1*846  to  1.  These  results  could 
not  have  been  derived  from  a  simple  cylindrical  tube, 
but  might  have  arisen  from  the  arrises  being  more  or 
less  rounded  at  both  ends,  and  the  orifice  partaking  of 
the  nature  of  a  compound  tube,  which  may  be  con- 
structed, as  shall  hereafter  be  shown,  so  as  to  increase 
the  theoretical  discharge  from  1  up  to  1*558.  The 
resulting  coefficients  for  the  \  and  f  inch  tubes, 
approach  very  closely  to    those  obtained    by  other 
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experimenters,  but  those  for  the  inch  tube  are  too 
high,  unless  the  arris  at  the  ends  was  also  rounded. 
The  coefficients  derived  from  the  experiments 
with  a  cylindrical  glass  tube  1  foot  long,  as  here 
given,  are  very  variable;    like  the  others  they  are, 

COEFFICIENTS  DERIVED  FROM  EXPERIMENTS  WITH  A  GLASS  TUBE 

ONE  FOOT  LONG. 


Heads 

iinch^ 

^inch 

iinch 

lineh 

in  feet. 

diameter. 

diameter. 

diameter. 

diameter. 

1 

•892 

•708 

•691 

•760 

2 

•914 

•734 

•718 

•749 

3 

•831 

•723 

•709 

•777 

4 

•914 

•725 

•677 

•815 

however,  valuable,  as  exhibiting  the  imcertainty  at- 
tending "  experiments  of  this  nature,"  and  the  neces- 
sity for  minutely  observing  and  recording  every 
circumstance  which  tends  to  alter  and  modify  them. 
Indeed,  for  small  tubes,  a  very  slight  difference  in  the 
measurement  of  the  diameter  must  alter  the  result  a 
good  deal,  particularly  when  it  is  recollected  that 
measm*ements  are  seldom  taken  more  closely  than  the 
sixteenth  of  an  inch,  unless  in  special  cases.  As  the 
author,  however,  states,  p.  433  of  the  work  referred 
to,  that  the  "  diameters  of  the  tubes  at  their  extremi- 
ties were  carefully  enlarged  to  prevent  wire  edges 
from  diminishing  the  sections ; "  this  circumstance 
alone  must  have  modified  the  discharges,  and  would 
account  for  most  of  the  differences. 

The  coefficient  for  rectangular  short  tubes  differs 
in  no  way  materially  from  those  given  for  cylindrical 
ones,  and  may  be  taken  on  an  average  at  *814 
or  -815. 
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SHORT  TUBES   WITH  A  BOUNDED  MOUTH-PIECE,    B, 

FIG.   24. 

When  the  junction  of  a  short  tube  with  a  vessel  takes 
the  form  of  the  contracted  vein,  Figs.  8  and  4,  pp.  35 
and  86,  the  mean  value  of  the  coefficient  c^  =  '956, 
and  the  actual  discharge  is  found  to  be  from  98  to  99 
per  cent,  of  the  theoretical  discharge.  Weisbach,  for 
a  tube  1\  inch  long  andi^i^  inch  diameter,  roimded  at 
the  junction,  found  at  1  foot  deep  c^  =  '958,  at  5  feet 
deep  Cd  =  '969,  and  at  10  feet  deep  Cd=  '975.  These 
experiments  show  an  increase  in  the  coefficients,  in 
this  particular  case,  for  an  increase  of  depth.  Any 
other  form  of  junction  than  that  of  the  contracted 
vein,  will  reduce  the  discharge,  and  the  coefficients 
will  vary  from  '715  to  "814,  and  to  '986,  according  to 
the  change  in  the  junction  from  the  cylindrical,  pro- 
jecting into  the  vessel,  to  the  square  and  properly 
curved  forms.  The  coefficients  derived  from  Venturi's 
experiments  will  be  given  hereafter. 

SHORT  CONICAL  CONVERGENT  TUBES,  C,  FIG.  24, 

The  experiments  of  D'Aubuisson  and  Castel  lead  to 
the  following  coefficients  of  discharge  and  velocity* 
from  a  conically  convergent  tube  c  at  a  depth  of  10 
feet.  The  original  angles  and  coefficients  are  here 
interpolated  so  as  to  render  the  table  more  convenient 
to  refer  to,  for  practical  purposes,  than  the  original. 
The  diameter  of  the  tube  at  the  smaller  or  discharging 
orifice  in  the  experiments  was  *61  inches,  and  the 

*  Traits  d'Hydianlique,  Paris,  p.  60. 
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C0KFFICIBNT8  FOR  CONICAL  CONVERGENT  TITBES. 


Con- 

Coefficient 

Coefficient 

Con- 

Coefficient 

Coefficient 

verging 
angle  o. 

of  dis- 
charge. 

of 
velocity. 

verging 
angle  0. 

of  din- 
charge. 

of 
velocity. 

I'' 

•858 

•858 

14° 

•943 

•964 

2° 

•873 

•873 

16° 

•937 

•970 

Z"" 

•908 

•908 

18'* 

•931 

•971 

4** 

•910 

•909 

20* 

•922 

•971 

5° 

•920 

•916 

22° 

•917 

•978 

6** 

•925 

•928 

26° 

•904 

•975 

•    9r 

•981 

•983 

80° 

•895 

•976 

10° 

•937 

•960 

40° 

•869 

•980 

12° 

•942 

•955 

50° 

•844 

•985 

length  of  the  axis  1*57  inch ;  that  is,  the  length  was 
2*6  times  the  smaller  diameter  of  the  tube.  The  co- 
efficient became  "829  for  the  cylindrical  tube,  i.  c. 
when  the  angle  at  o  was  nothing.  The  angle  of 
convergence  o  determines,  from  the  proportions,  the 
length  of  the  inner  and  longer  diameter  of  the  tube. 
The  coefficients  of  discharge  increase  up  to  '943  for 
an  angle  of  18^  or  14  degrees,  after  which  they  again 
decrease ;  but  the  coefficients  of  velocity  increase  as 
the  angle  of  convergence,  o,  increases  from  '829, 
when  the  angle  is  zero  up  to  '985  for  an  angle  of  50 
degrees. 

When  D  is  the  discharge  and  a  the  area  of  the 

section,  as  before  shown,  d  =  c^a  V  2  g  h;  but  as, 
in  conically  convergent  or  divergent  tubes,  the  inner 
and  outer  areas  (or,  as  they  may  be  called,  the  re- 
ceiving and  discharging  sections)  vary,  it  is  clear  that, 
the  discharge  being  the  same,  and  also  the  theoretical 
velocity  \/  2  g  h,  the  coefficient  c^  must  vary  inversely 
with  the  sectional  area  a,  and  that  Q  X  a  must  be 
constant.    For  the  coefficients  tabulated,  the  sectional 
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area  to  be  used  is  that  at  the  smaller  or  outside  end 
of  a  convergent  tube  c,  Fig.  24. 

For  a  short  tube  c,  whose  length  is  *92  inch,  lesser 
diameter  1*21  inch,  and  greater  diameter  1'5  inch,  the 
author  has  found,  from  Yenturi's  experiments,  that 
c^  =  -607  if  the  larger  diameter  be  used  in  the  calcu- 
lation,  and  c^  =  '984  when  the  lesser  diameter  is  made 
use  of,  the  discharge  taking  place  under  a  pressure  of 
2  feet  8^  inches. 

The  earlier  experiments  of  Poleni,  when  reduced, 
furnish  us  with  the  following  coefficients:  A  tube  7*67 
inches  long,  2*167  inches  diameter  at  each  end,  gave 
c^  =  '854 ;  the  like  tube  with  the  inner  or  receiving 
orifice  increased  to  2f  inches,  c^  =  *908 ;  increased  to 
8*6  inches,  c^  =  '898 ;  increased  to  5  inches,  c^  =  '888; 
and  increased  to  9*88  inches,  c^  =  *864.  The  depth 
or  head  was  21*88  inches,  the  discharging  orifice 
2*167  inches  diameter,  and  the  length  7*67  inches,  in 
each  case. 

In  the  conically  divergent  tube  d.  Fig.  24,  the  co- 
efficient of  discharge  is  larger  than  for  the  same  tube 
c,  convergent,  when  the  water  fills  both  tubes,  and 
the  smaller  sections,  or  those  at  the  same  distances 
from  the  centres  o  o,  are  made  use  of  in  the  calcu- 
lations. A  tube  whose  angle  of  convergence,  o,  is  5, 
nearly,  with  a  head  of  from  1  to  10  feet,  whose  axial 
length  is  8^  inches,  smaller  diameter  1  inch,  and  lar- 
ger diameter  1*8  inch,  gives,  when  placed  as  at  c,  *921 
for  the  coefficient ;  but  when  placed  as  at  d,  the  co- 
efficient increases  to  *948.  In  the  first  case  the 
smaller  area,  used  in  both  calculations,  being  the  re- 
ceiving, and  in  the   other  the   discharging,  orifice. 
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The  coefficient  of  velocity  is,  however,  larger  for  the 
tube  c  than  for  the  tube  d,  and  the  discharging  jet 
of  water  has  a  greater  amplitude  in  falling.  The 
effects  of  conicallj  diverging  tubes  will,  however,  be 
better  perceived  from  the  experiments  on  compoimd 
short  tubes. 


EFFECTS   OP   COMPOUND    ADJUTAGES   AND   ADMISSION   OF 

AIR  INTO   SHORT   TUBES. 

If  the  tube  a  Fig.  24,  be  pierced  all  round  with 
small  holes  at  the  distance  of  about  half  its  diameter 
from  the  reservoir,  the  discharge  will  be  immediately 
reduced  in  the  proportion  of  "814  to  '617.  Venturi 
found  the  reduction  for  a  tube  1\  inch  diameter  and 
4^  inches  long,  at  a  depth  of  2  feet  10^  inches,  as  41 
to  81,  or  as  '823  to  6*22.  As  long  as  one  hole  re- 
mained open,  the  discharge  continued  at  the  same 
reduced  rate;  but  when  the  last  hole  was  stopped, 
the  discharge  again  increased  to  the  original  quantity. 
If  a  small  hole  be  pierced  in  a  tube  4  diameters  long, 
ut  the  distance  of  1}  or  2  diameters  at  nearest  to  the 
junction,  the  discharge  will  remain  unaffected.  This 
shows  that  the  contraction  in  the  cylindrical  tube 
extends  only  a  short  distance  from  the  junction,  pro- 
bably 1 J  or  1 J  diameter,  including  the  whole  curvature 
of  the  contraction. 

The  contraction  at  the  entrance  into  a  tube  from  a 
reservoir  accounts  for  the  coefficients  for  a  short  tube 
A,  Fig.  24,  and  the  short  tubes,  diagrams  1  and  2, 
Fig.  25,  being  each  the  same  decimal  nearly,  when 
o  R :  0  r : :  1 :  "8,  or  when  o  r  is  not  less  than  o  r  X  '79, 
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O  R 

and  is  at  the  distance  of  nearly  —  from  o  b.      The 

form  of  the  junction  o  o  r  b  remaining  as  described, 
the  following  coefficients  will  enable  us  to  judge  of  the 
discharging  powers  of  differently  formed  short  mouth- 
pieces. They  have  been  deduced  and  calculated, 
principaUy,  from  Venturi's  experiments.* 

Fig.  25. 


1 


wm?»w?/mmX^ 


''^/^///Z/////////^Z£^ 


Y^^^^^im&am 
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These  coefficients  show  very  clearly  that  any  cal- 
culations from  the  mere  head  of  water  and  size  of  the 
orifice,  without  taking  into  consideration  the  form  of 
the  discharging  tube  and  its  connection  with  the  re- 
servoir, are  very  uncertain ;  and  that  the  discharge  can 
only  be  correctly  obtained  when  all  the  circumstances 
of  the  case,  including  the  form  of  the  discharging 
orifice  and  its  approaches  have  been  duly  considered. 

When  a  tube  similar  to  diagram  6,  Fig.  25,  has  the 
junction  o  o  r  b  rounded,  as  in  Fig.  4,  page  86,  the 
outer  extremity  «  *  s  t,  such  that  «t  =  o  r,  8S=9«f, 
and  the  diameter  s  t  =  1*8  times  the  diameter  %  t,  with 
a  short  central  cylindrical  piece  o  r  8  t  between,  the 

*  See  Nicholson's  translatioxi  of  Yentari's  Experimental  Inqniriea, 
published  in  the  Tracts  on  Hydraulics,  London,  1836.  The  coefficients 
in  the  table,  next  page,  were  all  calculated  for  the  first  time  by  the 
Author. 
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TABLE  OF  COEFFICIENTS  FOR  8H0KT  TUBES  AND  M0T7TH-HECES. 


Description  of  orifice,  mouth-piece,  or  short  tube. 


1.  An  orifice  1^  inch  diameter  in  a  thin  jdate  .       .    . 

2.  A  cylindrical  tube  1^  inch  diameter  and  44  inches 

long,  A,  Fig.  24 

8.  A  short  tube  with  a  sharp  end  projecting  into  the 

cistern 

4.  A  cylindrical  tube,  B,  Fig.  24,  having  the  Junction 

rotmded,  as  in  Fig.  4,  page  36 

6.  A  short  conical  convergent  month-piece,  c.  Fig.  24, 

of  the  proportions  of  00  riu  Fig.  25   .        .        .    . 

6.  The  like  tube  diveiiB^nt,  witn  the  smaller  diameter 

at  the  lunctlon  with  the  reservoir;  length  8| 
iuches,  lesser  diameter  1  inch,  and  greater  dia- 
meter 1-3  inch  

7.  The  tube,  o  o  u  v  r  r,  diagram  2,  Fig.  25,  when  o  Rs 

1^  inch,  «r=l-21  inch,  uv=l-21  inch,  and  ou=^ 
r  va2  inches,  the  cylindrical  portion  being  shown 
by  dotted  lines 

8.  The  same  tube  when  0M=11  inches  .... 
„  The  same  tube  when  ott= 23  inches     .        .       '.    . 

9.  The  tube,  oo<BT<rR,  dia^^tun  2,  Fig.  26,  in  which 

o  R=«  <=8  T.=l^  inch,  from  o  to  « li  Inch,  and  «  8= 
8  inches,  gives  the  same  coefficient  as  the  cylin- 
drical tube,  result  Na  2  (see  No.  19X  ^ia. 

10.  The  tube,  diagram  1.  Fig.  25,  OR=li  inch  .       .    . 

11.  The  same  tube,  having  the  spaces  o«o  and  r<  r 

between  the  mouth-piece  oorR  and  the  cylin- 
drical tube  o s  T  K  open  to  the  Influx  of  Uie  water. 

12.  The  double  conical  tube,  o  os  ttr,  diagram  8,  Fig. 

25,  when  orbst=1(  inch,  or=l-21  indi,  oors 
-92  inch,  and  OS a4-1  inches 

13.  The  like  tube  when,  as  in  diagram  ^  Fig.  25, 

oorRssosTr,  andoo8al'84incn     .        .        .    . 

14.  The  like  tube  when,  bt=1-46  inch,  and  0832-17 

inches 

15.  The  like  tube  when  b  t=:8  inches,  and  o  bs9} 

inches 

16.  The  like  tuTie  when  o  8bs64  inches,  and  b  t  enlarged 

to  1-92  inch 

17.  The  like  tube  when  sTes2i  Inches,  and  0  8=12^ 

inches 

18.  A  tube,  diagrom  5,  Fig.  25,  when  o«=rts8  inches, 

o  r=«  t=\  '21  inch,  and  the  tube  o  s  t  r  the  same  as 
described  in  No.  12,  via.  8T=l4inch,  and  «b=4-1 
inches 

19.  The  tube,  diagram  2,  Fig.  25,  when  B  T  is  enlarged 

to  1'97  inch,  and  <8  to  7  inches,  the  other  dimen- 
sions remaining  as  in  No.  9 

20.  When  the  junction  of  o« r  C  with  «  b  t  f,  diagram  2, 

Fig.  25,  is  improved,  the  other  iiarts  remaining  as 
described  in  No.  9 

21.  Another  experiment  gives 
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'622 
•823 
•715 
•611 
•607 

•561 


•600 
•567 
•531 


•823 
•804 


•785 


■9    ^ 

US'* 
5     "O 
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•974 
•823 
•715 
-956 
•934 


•948 


•923 
•873 
•817 


1-266 
1-237 


1*209 


•928 

1-428 

•823 

1-266 

•823 

1-266 

•911 

1-400 

1-020 

1-569 

1-215 

1-855 

•895 

1-377 

•946 

1-464 

-850 
•847 

1-309 
1-303 
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coefficient  of  discharge,  corresponding  to  the  diameter 
or  =  r  s  will  increase  to  1*493  or  1*555 ;  that  is,  the 

discharge  is  ---  =  2*4,  or  -—  =  2'5  times  as  much 

as  through  an  orifice  (whose  diameter  is  o  r)  in  a  thin 

plate;  and  ^   =  1*9  times  as  much  as  through  a 

short  cylindrical  tube  a,  Fig.  24,  whose  diameter  is 
also  o  r.  Venturi  was  of  opinion  that  this  discharge 
continued  even  when  the  central  cylindrical  portion 
or  8  t  was  of  considerable  length ;  but  this  was  a  mis- 
take, as  the  maximimi  discharge  is  obtained  when  it  is 
reduced  so  that  o  or  b  and  s  8  ^  t  shall  join,  as  in 
diagram  8,  Fig.  25.  It  is  seen  from  No.  16  of  the  fore- 

going  coefficients  that  —  =  2*52  and  —  =  1*91  are, 

perhaps,  nearer  to  the  maximum  results  obtainable 
by  comparing  the  discharge  from  a  compound  tube 
o  0  s  T  r  R,  diagram  8,  Fig.  25,  with  those  through  an 
orifice  in  a  thin  plate,  and  through  a  short  cylin- 
drical tube.  When  the  form 
of  the  tube  becomes  curvi- 
lineal  throughout,  as  in 
Fig.  26,  s  T  =  1-8  0  r  and 
o  s  =  9  0  r,  the  coefficient 


Fig-.26 

^BnBBnBBammnam 


suited  to  the  diameter  o  r  will  be  1*57  nearly,  and  the 

1*57 

discharge  will  be  —  =  2*52  times  as  much  as  through 

an  orifice  o  r  in  a  thin  plate. 

The  whole  of  the  preceding  coefficients  have  been 
determined  from  circumstances  in  which  the  co- 
efficient for  an  orifice  in  a  thin  plate  was  *622,  and 
for  a  short  cylindrical  tube  -822  or  -828.  "When  the 
circumstances  of  head  and  approaches  in  the  reservoir 
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are  such  as  to  increase  or  decrease  those  primary  co- 
efficients, the  other  coefficients  for  compound  adjutages 
will  have  to  be  increased  or  decreased  proportionately. 
After  examining  the  foregoing  results,  it  appears 
sufficiently  clear  that  the  utmost  effect  produced  by 
the  formation  of  the  compound  mouth-piece  o  o  s  t  r  r, 
with  the  exception  of  No.  17,  is  simply  a  restoration 
of  the  loss  effected  by  contraction  in  passing  through 
the  orifice  o  b  in  a  thin  plate,  and  that  the  coefficient 
2*5  applied  to  the  contracted  section  at  or  is  simply 
equal  to  the  theoretical  discharge,  or  the  coefficient  unity, 
applied  to  the  primary  orifice  o  r  ;  for,  as  orifice  o  r  : 
orifice  o  r  ::  1  :  '64,  very  nearly,  when  o  o  r  r  takes  the 
form  of  the  vena-contracta,  and  the  coefficient  of  dis- 
charge for  an  orifice  o  r  in  a  thin  plate  is  *622,  then  the 
ratio  of  the  theoretical  discharge  through  the  orifice 

0  R,  is  to  the  actual  discharge  through  an  orifice  o  r,  so  is 

1  to  -622  X  '64,  so  is  1  :  -89808  : :  1  :  -4  very  nearly ; 
and  as  *4  X  2*5  =  1,  it  is  clear  that  the  form  of  the 
tube  o  o  s  T  r  R,  when  it  produces  the  foregoing  effect, 
simply  restores  the  loss  caused  by  contraction  in  the 
venorcontraxita.  Venturi's  sixteenth  experiment,  from 
which  the  coefficients  in  No.  17  of  the  Table  are 
derived,  gives  the  coefficient  1*215  for  the  orifice  o  r. 
This  indicates  that  a  greater  discharge  than  the  theo- 
retical through  the  receiving  orifice  may  be  obtained. 
It  is,  however,  observable  that  Venturi,  in  his  seventh 
proposition,  does  not  rely  on  this  result,  and  Eytel- 
wein's  experiments  do  not  give  a  larger  coefficient  than 
2*5  applied  to  the  contracted  orifice  o  r,  which,  as 
above  shown,  is  equal  to  the  theoretical  discharge 
through  o  R. 
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SHOOTS. 

When  the  sides  and  under  edge  of  an  orifice  or 
notch  increase  in  thickness,  so  as  to  be  converted  into 
a  shoot  or  small  channel,  open  at  the  top,  the  co- 
efficients reduce  very  considerably,  and  to  some  extent 
beyond  what  the  increased  resistance  from  friction, 
])articularly  for  small  depths,  appears  to  indicate. 
Poncelet  and  Lesbros*  found  for  orifices  8"  x  8'', 
that  the  addition  of  a  horizontal  shoot  21  inches  long 
reduced  the  coefficient  from  '604  to  "601,  with  a  head 
of  about  4  feet ;  but  for  a  head  of  4^  inches  the  co- 
efficient fell  from  -672  to  '483.  For  notches  8"  wide, 
with  the  addition  of  a  horizontal  shoot  9'  10"'  long,  the 
coefficient  fell  from  '682  to  479  for  a  head  of  8'' ;  and 
from  '622  to  '840  for  a  head  of  V.  Castel  also  found 
for  a  notch  8"  wide,  with  the  addition  of  a  shoot  8" 
long,  inclined  4^  18',  the  mean  coefficient  for  heads 
from  ^"  to  4J'',  to  be  '527  nearly.  The  efiects  arising 
from  friction  alone  wiU  be  perceived  from  the  short 
table  at  the  beginning  of  this  section,  p.  146. 

The  orifice  of  entry  into  a  shoot  and  its  position 
with  reference  to  the  sides  and  bottom  modify  the 
discharge,  the  head  remaining  constant.  Lesbros  t 
has  given  the  coefficients  suited  to  dijBferent  positions 
of  shoots  both  within  and  without  a  cistern,  and  from 
notches  and  submerged  orifices ;  but,  however  valuable 
these  are  in  some  respects,  they  are  of  little  practical 
use  to  the  engineer.  The  general  principles  which 
are  involved  in  the  modification  of  these  coefficients 

*  Traits  d'Hydranlique,  pp.  46  et  94. 

t  Vide  Morin's  Hydiaalique,  denzi^me  Idition,  pp.  29  et  40. 
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have,  however,  been  already  pointed  out  when  dis- 
cussing the  effects  of  the  position  of  the  orifice,  and 
the  addition  of  short  tubes,  on  the  discharge.  Equa- 
iion  (74b},  p.  196,  is  here  appUcable. 


SECTION  VII. 

LATEBAL  CONTACT  OP  THE  WATER  AND  TUBE. — ATMO- 
SPHERIC PRESSURE. — HEAD  itEAStJRED  TO  THE  DIS- 
CHARGING   ORIFICE. COEFFICIENT  OF   RESISTANCE. 

— FORMULA  FOR  THE  DISCHARGE  FROU  A  SHORT 
TUBE. — DIAPHRAGMS. — OBLIQUE  JUNCTIONS. — FOR- 
MULA FOR  THE  TIME  OF  THE  SURFACE  SINKING  A 
GIVEN  DEPTH. — LOCK  CHAMBERS. — SLUICES. — TIDAL 
SLUICES. 

The   contracted 

vein  o  r  is  about  "8 

times    the    diameter 

o  B ;  but  it  is  found, 

notwithstanding,  that 

water,  in  passing 

through  a  short  tube 

of  not  less  than  1^ 

diameter  in  length,  fiUe  the  whole  of  the  discharging 

orifice  s  t.     This  ia  partly  effected  by  the  outflowing 

column  of  water  canyiitg  forward  and  exhausting  the 

air  between  it  and  the  tube,  and  by  the  external  air 

then  pressing  on  the   column   so   as   to  enlarge  its 

diameter  and  fill  the  whole  tube.     When  once  the 

water  approaches  closely  to  the  tube,  or  is  caused  to 
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approach,  it  is  attracted  and  adheres  with  some  force 
to  it.  The  water  between  the  tabe  and  the  vena-con- 
tracta  is,  howeyer,  rather  in  a  state  of  eddy  than  of 
forward  motion^  as  appears  from  the  experiments,  with 
the  tube,  diagram  2,  Fig.  25,  giving  the  same  discharge 
as  the  simple  cylindricid  tube.  If  the  entrance  be  con- 
tracted by  a  diaphragm,  as  at  o  b,  Fig.  27,  the  water 
will  also  generally  fill  the  tube,  if  it  be  only  sufficiently 
long.  Short  cylindrical  tubes  do  not  fill  when  the 
discharge  takes  place  in  an  exhausted  receiver;  but 
even  diverging  tubes,  d.  Fig.  24,  will  be  filled,  under 
atmospheric  pressure,  when  the  angle  of  divergence, 
o,  does  not  exceed  7  or  8  degrees,  and  the  length  be 
not  very  great  nor  very  short. 

When  a  tube  is  fitted  to  the  bottom  or  side  of  a  vessel, 
it  is  found  that  the  discharge  is  that  due  to  the  head 
Tneasured  from  the  surface  of  the  water  to  the  lower  or 
discharging  extremity  of  the  tube.  It  must,  however, 
be  sufficiently  long,  and  not  too  long,  to  get  filled 
throughout.  GuigUehnini  first  referred  this  effect  to 
atmospheric  pressure,  but  the  first  simple  explanation 
is  that  given  by  Dr.  Mathew  Young,  in  the  Transac- 
tions of  the  Boyal  Irish  Academy,  vol.  vii.>  p.  56. 
Venturi,  also,  in  his  fourth  proposition,  gives  a 
demonstration. 

The  values  of  the  coefficients  for  short  cylindrical 
tubes,  which  are  given  p.  166,  have  been  derived  from 
experiments.  Coefficients  which  agree  pretty  closely 
with  them,  and  which  are  derived  from  the  coefficients 
for  the  discharge  through  an  orifice  in  a  thin  plate, 
may,  however,  be  calculated  as  follows  :  Let  c  be  the 
area  of  the  approaching  section,  Fig.  27,  a  the  area  of 


162  THE  DISCHARGE  OF  WATER  FROM 

the  discharging  short  tube,  and  a  the  area  of  the 
orifice  o  b  which  admits  the  water  from  the  vessel  into 
the  tube  :  slIso  put,  as  before,  h  for  the  head  measured 
from  the  surface  of  the  water  to  the  centra  of  the 
tube,  and  diaphragm  or;  'i;  for  the  actual  velocity  of 
discharge  at  st  ;  v^  for  the  velocity  of  approach  in  the 
section  c  towards  the  diaphragm  o  R ;  and  Co  for  the 
coefficient  of  contraction  in  passing  from  o  b  to  o  r ; 
then  c  X  v»  =  A  X  v,  the  contracted  section  o  r  =^ 
Co  X  a,  and  consequently  the  velocity  at  the  con- 
tracted section  is  equal  to =:  — ^.     Now  a  theo- 

a  Co       ac^ 

retical  head  equal  to 

is  necessary  to  change  the  velocity  i\  into  v  by  the 
action  of  gravity ;  but  as  the  water  at  the  conjtracted 

section  o  r,  moving  with  a  velocity ,  strikes  against 

the  water  between  it  and  t  s,  moving,  from  the  nature 
of  the  case,  with  a  slower  velocity,*  a  certain  loss  of 
effect  takes  place  from  the  impact.  If  this  be,  sup- 
posed, sudden,  then  writers  on  mechanics  have  shown 
that  a  loss  of  head,  equal  to  that  due  to  the  difference 

A  V 

of  the  velocities,  —  r,  before  and  after  the  impa>ct 

a  Cq 

must  take  place.  This  loss  of  head  is  therefore  equal  to 

(-A_i)%. 

\ac^        / 
2^ 

*  Vide  Sir  Eobert  Kane's  translation  of  Ruhlman's  book  on  Hori- 
zontal Water  Wheels,  p.  49. 
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whence  the  whole  head, 

(60.)         h  =  ^- ""       ^^'^ '—, 

from  which  the  velocity  from  a  short  tube,  is  found 
to  be 

(61.)  t'=v2-^|7rj7^irr^|- 

Now,  BS  y/  2  g  h  would  be  the  velocity  of  discharge 
were  there   no  resistances,   or   loss  sustained,  it  is 

f 1 )* 

evident  thats  j  _  -^  i.  fj^ jV  >-    becomes  as  it 

were  a  coefficient  of  velocity.  When  the  diameter  of 
.  the  diaphragm  o  b  becomes  equal  to  the  diameter  s  t 
of  the  tube,  a  =  a,  and  as  the  coefficient  of  velocity 
becomes  equal  to  the  coefficient  of  discharge  when 
there  is  no  contraction,  in  such  case  this  coefficient^ 
which  we  call  c  o/,  is  expressed  by  the  formula 

m   c ./. = {i  -  - + e  - '  )■}•  • 


*  When  the  diaphragm  is  pUced  in  a  tube  of  nnifoim  bore,  then 
€>■  A,  and 

i-      1       ±^^ 


and  the  loss  of  head,  in  passing  the  diaphragm,  becomes 

\ae,  y     2g 

It  is  evident  from  the  equations  that  —  and  e,  depend  mntoally  on 

X  2 
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and  when  the  approaching  section  c  is  very  large 
compared  with  the  area  a, 

(63.)    e./-=:{r7^}* 

If  Co  =  '64,  the  last  equation  gives  c  o/ .  =  "872 ;  if 
Ce  =  -601,  cof.  =  '838 ;  if  Ce  =  -617,  cof  .  =  '847 ; 
and  if  Co  =  '621,  c  of .  =  '856.  These  results  are  in 
excess  of  those  derived  from  experiment  with  cylin- 
drical short  tubes,  perfectly  square  at  the  ends  and  of 
imiform  bore.  As  some  loss,  however,  takes  place  in 
the  eddy  between  o  r  and  the  tube,  and  from  the  fric- 
tion at  the  sides,  not  taken  into  account  in  the  above 
calculation,  they  will  account  for  the  differences  of  not 
more  than  from  4  to  6  per  cent,  between  the  calculation 
and  experiment.  If  Co  be  assumed  for  calculation  equal 
•590,  then  c  of '='821 ;  and  as  this  result  agrees  very 
closely  with  the  experimental  one,  c^  should  be  taken 
of  this  value  in  using  the  foregoing  formulae,  from  (60) 
to  (68),  for  practical  purposes.  The  thickness  of  the 
diaphragm  itself  and  the  relation  of  that  thickness  to 
the  diameter,  as  well  as  the  form  of  the  orifice  a, 
are  necessary  elements  in  the  consideration  of  this 
question. 

COEFFICIENT  OF  RESISTANCE.  —  LOSS  OP  MECHANICAL 
POWER  IN  THE  PASSAGE  OF  WATER  THROUGH  THIN 
PLATES  AND  PRISMATIC   TUBES. 

The  coeflScients  of  contraction,  velocity,  and  dis- 

each  other,  and  that  they  cannot  be  assumed  arbitrarily.  See  equa- 
tions (66),  (67),  (123),  (124),  and  (125),  with  the  corresponding 
remarks. 
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charge  have  been  already  defined*  The  coefficient  of 
resistance  is  the  ratio  of  the  head  due  to  the  resistance, 
to  the  theoretical  head  due  to  the  actual  or  final  velocity. 
If  V  be  this  latter  velocity,  the  theoretical  head  due  to 

it  is  .r— ;  and  if  c,  be  the  coefficient  of  resistance,  then 
the  head  due  to  the   resistance   itself  is,  from  our 

definition,  c^  X  —..    Now  if  c^  be  the  coefficient  of 

^9 

velocity,  the  theoretical  velocity  of  discharge  must  be 

— ,  and  the  head  due  to  it  is  equal  -5 ^ — :    but   as 

Cy  ^       cj  X  2  flt ' 

the  theoretical  head  due  to  v  is^r-,  then 

^9 


«« 


2g  -\cl      ^J  2g 


ci  X  2g       2g-  \c«       ^  J  2g 
is  the  head  due  to  the  resistance ;  and,  therefore,  from 
the  definition,  the  coefficient  of  resistance  is 

(64.)  c,=^,-i', 

from  which  the  coefficient  of  velocity  is  found 

These  equations  enable  us  to  calculate  the  coefficient 
of  resistance  from  the  coefficient  of  velocity,  and  vice 
versa.  If  c^  =  1,  c,  =  0,  as  it  should  be.  The 
following  short  table,  calculated  from  equation  (65), 
will  be  of  use.  In  short  tubes,  the  coefficient  of 
velocity  Cj  is  equal  to  the  coefficient  of  discharge  c^* 
The  coefficient  of  velocity  for  an  orifice  in  a  thin 

*  See  the  tables  of  resistances,  discharge,  and  contraction,  pp.  16& 
and  171. 
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COEFFICIENTS  OF  VELOCITY  AND  BESISTANCE. 


Coefficient 

of 
velocity. 

Coefficient 

of 
resistance. 

Coefficient 

of 
velocity. 

Coefficient 

of 
resistance. 

Coefficient 

of 
velocity. 

Coefficient 

of 
resistance. 

•990 
•970 
•950 
•980 

•020 
•063 
•109 
•166 

•910 
•890 
•870 
•860 

•208 
•263 
•320 
•383 

•830 
'820 
•814 
•810 

•452 
•488 
•608 
•626 

plate,  or  for  a  mouth-piece,  Fig.  4,  is  '974 ;  while 
that  for  a  short  prismatic  tuhe,  a,  Fig.  24,  is  "814 
nearly.  The  coefl&cient  of  resistance  in  the  former 
case  is  '054,  and  in  the  latter  '508 ;  there  is,  therefore, 
9*4  times  as  great  a  loss  of  mechanical  power  in 
the  passage  through  short  prismatic  tubes,  as  through 
orifices  in  thin  plates  or  tubes  with  a  rounded  junction, 
as  in  Fig.  4,  the  quantities  of  water  discharged  and 
the  discharging  orifices  being  the  same. 

If  the  quantities  discharged  and  the  heads  be  the 
same  in  both  cases,  then 


^•j 


^o 


2g  X  •814*  ~  2 ^  X  -dli^ 


is  equal  to  the  head ; 


^^^  ^'  -663  X  2  g  =  W'>r2^'  ^^  '949  f?=-668  t'; 
whence  we  get  vl  =  '698  vl  and  vl  =  1'431  rj  for  the 
relation  of  the  discharging  velocities,  v^y  from  an 
orifice,  and,  Vty  from  a  short  tube.     The  height  due  to 

the  resistance  is  therefore,  f   ■  ^ ,»  —  1 1-^  for  short 

\  •814*         /  2  gf 

prismatic  tubes,  and  (  ,q- .g  '"•'•)  — o '*  ^^^  orifices 

in  thin  plates.  These  are  to  each  other  as  *508  to 
-064  X  1-431,  or  as  5-08  to   -773,   that  is  to  say. 
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the  loss  of  mechanical  power  arising  from  the  resistance 
in  passing  through  short  tubes  is  6'57  tirnes  as  great  as 
when  the  water  passes  through  thin  plates  or  mouth- 
pieces,  as  in  Fig.  4 ;  and  the  discharging  mechanical 
power  in  plates,  is  to  that  in  tubes  as  1*481  to  1,  or  as 
1  :  *698,  the  heads  and  quantities  discharged  being 
the  same. 

The  whole  loss  of  mechanical  power  in  the  passage 
is  5*4  per  cent,  for  the  plates,  and  about  61  per  cent, 
for  short  tubes.  If  the  loss  compared  with  the  whole 
head  be  sought,  then,  when  v  is  the  discharging  velo- 
city, ;^r^  is  the  theoretical  velocity  due  to  the  head 

in  short  tubes,  and  its  square  ^r:rTz  =  -tt;^  is   as   the 

^         "814^       -663 

whole  head ;  therefore,  the  whole  head  is  to  the  head 

to  *668 ;  and  as  '508  is  the  coefficient  of  resistance  * 
for  the  dischanging  velocity,  '608  X  •668  =  '887  is 
the  coefficient  of  resistance  due  to  the  whole  head ; 
this  is  equal  to  a  loss  of  84  per  cent,  nearly,  or  about 
one-third.  In  like  manner,  "974*  X  '064  =  -0512  is 
found  for  the  coefficient  when  the  discharge  takes 
place  through  thin  plates,  or  5^  per  cent,  of  the  whole 
head. 

DIAPHRAGMS. 

When  a  diaphragm,  o  r.  Fig.  27,  is  placed  at  the 
entrance  of  a  short  tube,  it  is  shown,  page  162,  that 

•  Table,  p.  166. 
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a  loss  of  head  equal  5 takes  place  when  v 

is  the  discharging  velocity,  whence  the  coefficient  of 
resistance  is  equal  to  I 11,*  according  to  the 

definition.  The  coefficient  of  contraction  c^  as  before 
shown,  page  164,  should  be  taken  equal  to  '590  in  the 
application  of  formula  (63) ;  and,  as  it  must  also  be 
taken  equal  to  about  '621  when  the  area  of  the  tube  a 
is  very  large  compared  with  the  area  a  of  the  orifice 
o  B  in  the  diaphragm,  it  may  be  assumed  that  when 

—  is  equal  to 

A 

r      a,        %        %        %        -4,        -^        •«,        7.        •«,        -9,    and    1       -J 

■j  successively,  the  coefficient  c^  must  be  taken  equal  to  [• 

I  -681,     '618.     -616^     -613;      -609.     '606,     '603»     -600.     '697,     '693.    and    '690.  J 

taken  in  the  same  order.  As  the  approaching  section 
c  may  be  considered  exceedingly  large,  the  value  of 
the  coefficient  of  discharge  or  velocity,  as  the  tube 
o  B  s  T  is  supposed  full,  in  equation  (61),  becomes 


(66.)  Cd  = 


\a  Cq        J 
and  the  coefficient  of  resistance 

(67.)  c,=^(J^ 1 V; 

\a  Co  / 

*  For  the  sudden  alteration  in  the  velocity  passing  through  a 
diaphragm,  we  must  reject  the  hypothesis  of  D'Anbuiason,  Trait6 
d'Hydraulique,  p.  288,  and  adopt  that  of  l^avier,  taking  the  loss  of 
head  to  correspond  to  the  square  of  the  difference  and  not  to  the  differ- 
ence of  the  squares  of  the  velocities  in  and  after  passing  the  orifice. 
The  coefficient  of  contraction  must,  however,  be  varied  to  suit  tho 
ratio  of  the  channels,  as  it  is  in  this  and  the  following  pages. 
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from  which  equations  and  the  above  values  of  fc>  cor- 
responding to  — ,  the  following  values  of  the  coeffi- 

cients  of  discharge  and  resistance  through  the  tube 
o  R  s  T,  Fig«  27  have  been  calculated. 

COEFFICIENTS  OF  CONTRACTION,   DIBCHABOE,   AND  RESISTANCE  FOR 

DIAPHRAGMS. 


Ratio 

a 

A 

1. 

1      fe'^ 

1. 

Ratio 
a 

^    m 

A 

Coefficient 
^c- 

Coefficient 

^d- 

for  the 

orifice  A. 

Coefficient 
^r- 

00 

•621 

•000 

infinite. 

0*6 

•608 

•493 

3-116 

01 

•618 

•066 

231  • 

0^7 

•600 

•687 

1-907 

0-2 

•616 

•189 

50-8 

0-8 

•697 

•676 

1-198 

0-3 

•612 

•219 

19-8 

0-9 

•698 

•768 

•762 

0-4 

•609 

•807 

9-6     ; 

10 

•690 

•821 

•483 

0-6 

•606 

•899 

5^3 

••« 

•  •  * 

*  •  • 

<•  • 

In  this  table  Cq  is  the  coefficient  of  contraction,  Cj 
the  coefficient  of  discharge,  suited  to  the  larger  section 
of  the  pipe  a,  at  s  x ;  and  c^  the  coefficient  of  resist- 
ance.  The  discharge  is  found  from  equation  (61),  as 
G  is  here  very  large  compared  with  a,  to  be 

f___l__li 

(67a.)  d  =  a  V  2  (7  ftjj  _^  /  a_ _  ^y  ■ 

=  A  VTJft  I  j-^J *=«?a  A  VT^. 
The  coefficient  of  resistance  c,  is  here  equal  ( 1  j  , 

and  the  coefficient  of  discharge  Ca  =-;z ?»•  * 

*  For  the  loss  sustained  by  contraction  in  the  bore  of  a  pipe  by  a 
diaphragm,  see  equations  (128),  (124),  and  (126).    The  actual  value  of 
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The  tube  must  be  so  placed,  that  the  water,  after 
passing  the  diaphragm,  shall  fill  it;  for  instance, 
between  two  cisterns,  when  the  height  h  must  be 
measured  between  the  water  sm*faces,  or  when  the 
tube  is  sufficiently  long  to  be  filled ;  in  this  case,  how- 
ever, the  height  must  he  determined  from  the  discharging 
velocity,  as  a  portion  of  the  head  is  required  to  over- 
come the  friction,  which  shall  be  referred  to  more 
particularly  in  the  next  section. 

The  table  shows  that  the  head  due  to  the  resistance 
is  5*8  times  that  due  to  the  discharging  velocity,  when 
the  area  of  the  diaphragm  is  half  the  area  of  the 
tube ;  that  is,  the  whole  head  required  is  6*8  times 
that  due  to  the  velocity,  and  that  the  coefficient  of 
discharge  is  reduced  to  '899.  In  order  to  find  the 
coefficients  suited  to  the  smaller  area  of  the  orifice  in 
the  diaphragm  o  n,  when  it  is  to  be  used  in  calcula- 
tions of  the  discharge,  divide  the  numbers  corresponding 

to  — into  those  of  c^,  opposite  to  them  in  the  table. 
Thus,  when—  =  *8,  then  the  coefficient  of  discharge 

A 

suited  to  the  area  a,  is  equal-—-  =  "844,  and  so  of 
other  values  of  the  ratio  — .      The   coefficients  in  the 

A 

table,  page  169,  are  for  the  larger  orifice  a  in  the 
formula  d  =  a  c^  V  2  gf  A. 

Ct  in  eqaation  (67a)  depends  on  the  thickness  of  the  diaphragm  as  well 
as  on  the  relation  of  a  and  a.  The  form  of  the  orifice  a  also  affects 
the  value  of  c«. 
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SHORT  TUBES  OBLIQUE   AT  THE   JUNCTION. 


Fi^.28 


VMm///////M///W///M 


When  a  tube  is  at- 
tached obUquely,  as  in 
Fig.  28,  the  author 
has  found  that  if  the 
number  of  degrees  in 
the  angle  tos,  formed 
by  the  direction  of 
the  tube  o  s,  with  the  perpendicular  o  t,  be  represented 
by  <^,  then  -814  —  -0016  <^  will  give  the  coefficient  of 
discharge  corresponding  to  the  obliquely  attached  short 
tube  in  the  Figure.  This  formula  is,  however, 
empirical,  but  it  is  simple,  and  agrees  pretty  closely 
with  experimental   results.      As    the    coefficient    of 

resistance  is  equal    --= 1,  equation  (64),  then  here 

Cr  = X  —    1 :    from  these  eo nations 

(-814  — -0016^)2  '  cH"»«**^"» 

the  following  table  for  heads  measured  to  the  middle 
of  the  outside  orifice  has  been  calculated : — 

COEFnCIENTS  OF  DISCHABOE  KSD  BE8I8TAKCE  FOR  OBLIQUE 

JUKCTOKS. 


1  * 

Coefficient 

Coefficient 

^ 

Coefficient 

1 

'  Coefficient 

kn  degrees. 

of 
di8cfaai:ge. 

of 

redstanoe. 

9 
in  degrees. 

of 
diechorge. 

of 
resistance. 

0* 

•814 

•508 

SS** 

•768 

•740 

5 

•806 

•539 

40 

•750 

•778 

10 

•798 

•569 

45 

•742 

•816 

15 

•790 

•602 

50 

•734 

•856 

20 

•782 

•635 

55 

•726 

•897 

25 

•774 

•669 

60 

•718 

•940 

30 

•766 

•704 

65 

•710 

•984 

The  coefficient  of  resistance  for  a  tube  at  right  angles 
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to  the  side,  is  to  the  like  coefficient  when  it  makes  an 
angle  of  45  degrees  as  'SOS  to  '816,  or  as  1  to  1*6 
nearly;  and  the  loss  of  head  is  greater  in  the  same 
proportion.  If  the  short  tube  be  more  than  three  or 
four  diameters  in  length,  friction  will  have  to  be  taken 
into  account.  The  head  h  is  measured  to  the  centre 
of  the  outside  orifice. 


FORMUIiA  FOR  FINDING  THE  TIME  THE  SURFACE  OF  WATER 
IN  A  CISTERN  TAKES  TO  SINK  A  GIVEN  DEPTH. — ^DIS- 
CHARGE FROM  ONE  VESSEL  OR  CHAMBER  INTO 
ANOTHER. — ^LOCK  CHAMBERS. 


If-- 


P 


] C 


■r~~~# 


Fig^.29 


h 

■ 


In  experiments  for 
finding  the  value  of  the 
coefficients  of  discharge, 
one  of  the  best  methods 
is  to  observe  the  time 
the    water     discharged 

_^   from  the  orifice  takes  to 

sink  the  surface  in  a  prismatic  cistern  a  given  depth  ; 
the  ratio  of  the  observed  to  the  theoretical  time  will 
then  give  the  coefficient  sought.  A  formula  for  finding 
the  time  is,  therefore,  of  much  practical  value.  In 
Fig.  29,  the  theoretical  time  of  falling  from  «  t  to  s  t, 
in  seconds,  is 

in  which  a  is  the  area  of  the  orifice  o  r,  and  a  the  area 
of  the  prismatic  vessel  at  «  ^  or  s  t  :  this  formula  is 
for  measures  in  feet.     For  measures  in  inches,  we  have 
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This  time  is  double  the  time  required  to  dischai^ 
the  same  quantity  if  the  head  at  the  orifice  remained 
constant. 

Example  VH. — A  cylindrical  vegtel  5*74  inches  in 
diameter  has  an  orifice  '2  inck  in  diameter  at  a  depth 
of  16  inches  below  the  surface,  measured  to  the  centre  ; 
it  is  found  that  the  water  sinks  4  inches  in  51  seconds ; 
what  is  the  coefficient  of  discharge  ? 

The  theoretical  time  t  is  foiind  from  equation  (69), 
equal    ^ 

5-74    X  -7854  ,ap_82-9476 

13-9  X  -2'  X  -7854*1^*  -121}-^556-[4-3-4641} 

17"fiTfifi  511  'R 

=  — fiT^— X  "5959  =  31*8  seconds  :  hence, -=i- =*624 
■oo6  '  '  51 

is  the  coefficient  sought.  "When  the  orifice  o  R  and 
the  horizontal  section  of  the  vessel  are  similar  figures, 

-  is  equal  — : :  and  therefore,  for  circular  cisterns 
and  orifices,  it  is  mmecessary  to  introduce  the  mnlti- 
pUer  -7854. 

Formulae  for  the  time  water  in  a  prismatic  vessel 

takes  to  foil  a  given  depth,  when  discharged  from  an 

Fig.  29a. 


orifice  at  the  side  or  bottom  are  given  above.     The 
time  the  sorfEice  s  t,  diagram  1,  Fig.  29a,  takes  to  rise 
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to  8  f 9  when  supplied  through  an  orifice  or  tube  o  r, 
from  an  upper  large  chamber  or  canal^  whose  surface 

2A/t 

b'  t'  remaiQS  always  at  the  same  level,  is  Tr^^y* 

and  thence  the  time  of  rising  from  b  to  s  for  measures 
in  feet  is 

and  for  measures  in  inches 

in  which  A  is  the  area  of  the  horizontal  section  at  s  t  ; 
a  the  sectional  area  of  the  communicating  channel  or 
orifice  o  b  ;  c^  the  coefficient  of  discharge  suited  to  it, 
and  hi  and  /,  as  shown  in  the  diagram. 

In  order  to  find  the  time  of  filling  the  lower  vessel 
to  the  level  s  t,  supposing  it  at  first  empty,  the  contents 
of  the  portion  below  o  b  are  equal  to  aAs,  and  the  time 
of  filling  it  equal  to 

(690.)  8^5"^^^ 

then  the  time  of  filling  up  to  any  level  s  t,  for  mea- 
sures in.  feet,  is  equal  to  the  sum  of  (69a)  and  (69c) ; 
that  is, 

__  A  (2fei  +  h2-2fih¥) 
^  6-625  c^ahi       , 

and  for  measures  in  inches 

*  The  time  of  riamg  from  Bios  (diagram  1)  is  exactly  doable  the 
time  it  would  take  to  fill  the  same  depth  below  b,  if  the  pressure/ 
remained  uniform. 
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Ah\       .^        As     2/4) 

~         27^"caoAi         * 
'When  s  t  coincides  with  a  t 

(.byF.;  T  _  Q.Q25ciah\' 

for  measures  in  feet,  and 

(6Qq  '>  T  =  ^  (^  +  ^i) 

IbaG.J  T-      ciTQ        j,i> 

1 

for  measures  in  inches.  These  equations  are  exactly 
suited  to  the  case  of  a  closed  lock-chamber  filled  from 
an  adjacent  canal. 

When  the  upper  level  s'  t'  is  also  variable^  as  in 
Diagram  2,  the  time  which  the  water  in  both  vessels 
takes  to  come  to  the  same  uniform  level  s'  i'  %  t,  which 
is  known  or  easily  found,  is 

'^  Cda(A+Ai)V^      Cda(A+Ai)V2^^ 

in  which  hi  +  /i  —  A  =/+/i  is  the  difference  of  levels 
at  the  beginning  of  the  flow ;  Ai  the  horizontal  section 
of  the  upper  chamber ;  and  the  other  quantities  as  in 
Diagram  1.    As  Ai  ./^  =  Ai  •/,  then 

/+/i  =  -X-/i=-7;-/. 

Now,  in  order  to  find  the  time  of  falling  a  given  depth 
/,  below  the  first  level  s'  t',  the  head  above  s'  ^  s  t  is 
equal  to/i— /,  in  the  upper  vessel,  and  the  depth  below 

it  in  the  lower  vessel  is  equal  to     ^  ;    whence 

the  difference  of  levels  in  the  two  vessels  at  the  end  of 
the  fall  d,  is 
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The  time  of  falling  through  any  given  depths  /,  is> 
therefore,  from  equation  (69h), 

.^s  ,__2a..(/-H/..1       ^"■K^0(/. -/■■)}' 

When  /,  =/i  this  is  reduced  to  t=    ^^^'^^wj^ 

fi,nd  farther  when  a  =  Ai  this  last  is  again  farther 

A       A,    .  A,/,i  1-4142  A,/, 

reduced  to  f  =  7=-  =  ,  ^     .> 

<?dfltvflf         CdaV2sr/i 


in  which  V  2  g  =  8*025  for  measures  in  feet,  and 
equal  27'8  for  measures  in  inches.  The  whole  time  of 
filling  to  a  level  the  lower  empty  vessel,  is  found  by 
adding  the  time  of  filling  the  portion  below  b,  deter- 
mined in  a  manner  similar  to  equations  (68),  to  be 

<«'-'    0^715  {<»'-^/'"-(*'*/--v)'}' 

to  the  time  of  filling  above  b,  given  in  equation  (69h), 
when  h  is  taken  equal  to  zero.  Equations  (69h), 
(69i),  and  (69k)  are  applicable  to  the  case  of  the  upper 
and  lower  chambers  of  a  double  lock^  after  making  the 
necessary  change  in  the  diagrams. 

The  above  equations  require  further  extensions 
when  water  flows  into  the  upper  vessel  while  also 
flowing  from  it  into  the  lower ;  such  extensions  are, 
however,  of  little  practical  value,  and  we  therefore 
omit  them.     For  sluices  in  flood-gates  with  square 
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tirrises,  c^  may  be  taken  at  about  '545,  but  with  rounded 
arrises,  the  coefficient  will  rise  much  higher.  See 
Sections  III.  and  VI. 


SLUICE   OPES. — ^FLOOD   AND   TIDAL   SLUICE   OPES. 

Equations  (41),  (42),  (43),  (48),  (49),  (50),  and  (51) 
give  the  discharge  from  sluice  opes  under  different 
circumstances  when  fiilly  open,  submerged,  or  partly 
submerged.  Rejecting  the  velocity  of  approach,  and 
measuring  the  depth,  h  to  the  centre,  or  centre  of 
gravity,  of  the  orifice,  whose  area  is  a,  equation  (41),  be- 
comes, for  the  case  in  Fig.  12,  with  any  form  of 
section,  rectangular  or  circular,  entirely  open  and 
without  back  water. 

'i>=c^as/2gh=%'Qi^6c^a^/h,  for  one  second;  or 
.^-    \j^  —  481*5  Cd  a  VH,  for  one  minute ;  or 

|D=4'95  a  y/'hwhen  Cd='617  in  one  second;  and 
=  297  a  y/lv  in  one  minute. 
All  in  feet  measures. 

In  the  case.  Fig.  20,  in  which  the  sluice  is  covered, 
or  entirely  submerged,  then  the  discharge  in  one 
minute,  in  feet  measures,  equation  (48)  becomes  also 

(47a.)        d  =  60  (?d  a  \/ 2  g  h  =  297  a  Vh ; 
in  which,  however,  h  is  now  the  difference  of  level 
between  the  surfaces  of  the  uppejr  and  lower  waters. 
If  Cd  be  taken  '582  instead  of  "617  then 

(47b.)  d  =  280  a  VT. 

But  if  the  coefficient  run  up  to  *712  then 

(47c.)  d  =  848  a  \/X 

When  the  sluice-ope  is  partly  submerged,  as  in 

N 
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Fig.  21,  putting  a^  for  the  area  of  the  open  portion 
and  Oj  for  that  portion  submerged,  then  for  time  in 
minutes,  equation  (50)  or  (51)  becomes 

(50&51A.)   D=60(cdaaV27^+CdaiY/ 2(/ ^-^^ 

=  297  (a    vOT+Oi^/T+^^J 

for  Cd  =  "617  as  a  mean  value  in  both  a^  and  Oi.  It 
however  generally  differs  in  both.  For  a  coefficient  of 
*682  it  becomes 

(50  k  51b.)     d  =  280  (  Oa  \/X  +  Oi  y/A  +  AA  . 
And  for  an  average  coefficient  of  '712  in  Ai  and  A2  it  is 
(50  &  51c.)      D  =  848  (  Oa  VT  +  a^  y^  ^  ^  M  . 

In  these  formulsB  the  pressure  at  the  sluice  remains 
unchanged  and  the  acting  heads  constant. 

When  the  heads  vary.  The  general  differential 
equation  for  the  discharge,  whatever  be  the  law  of 
the  rise  and  fall,  /  is  evidently 

(70.)dD=Cda\/2^xd*\/7=CdaV2^xdfVAi-/i. 
The  integration  of  this  equation  depends  on  the  re- 
lation between  /  and  t.  For  the  ordinary  cases  of 
filling  prismatic  ponds  from  upper  levels  the  preceding 
equations  from  (68)  to  (69k)  may  be  used  as  follows  to 
find  D.  If  the  upper  surface  remain  at  the  same  level  as 
in  1,  Fig.  29a ;  while  the  surface  of  the  water  below 
rises  from  the  discharge  through  the  sluice,  and  if  the 
lower  pond  be  a  prism,  whose  horizontal  section  is  a, 
then  dividing  h  a,  the  quantity  by  the  time  t  as  given 
in  equation  (69a),  the  average  discharge  iu  average 
8  econds  of  the  whole  time  t  is 
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/rTA    X  4-0126  Cd  a  &        .    _  .      -      - 

(yOa.)      d  =      ,1  _  ^1      .    And  for  the  tune  t ; 

__  4-0125  Cd  h  t  _ 

which  are  independent  of  the  area   a  of  the  lower 
vessel.    When  h  =  hi  then/  =  o  and  this  becomes 
(70b.)  d  =  4-0125  c^ahit  =  A  h^ 

which  is  exactly  ane-half  what  it  would  be  in  the  same 
time  if  the  head  hi  remained  constant,  A  =  0,  and  there- 
fore the  lower  level  not  rising  higher  than  o  r. 

If  the  lower  level  remain  unchanged  and  the  upper 
varies,  then,  calling  the  section  of  the  upper  prism  Ai, 
the  difference  of  level  Ai,  and  /  the  fall  in  the  time  t, 
the  average  discharge  in  one  second  is  found  in  a 
similar  manner  to  be 

,«^    V  4-0125  Cd  a  /        ^    ,  ^ 

(70c.)      D  =  jrz^~(h~rf\i •     -And for  the  tune  t ; 

__  4-0125  Cd  a /t  _ 
'>-hi^(hi^f)i-J'''^ 

when/  =  hi  this  is  reduced  to 

(70d.)  d  =  4-0125  Cd  ah\t  =  hi  Ai 

the  whole  discharge  in  the  time  of  falling  through  hi. 
In  fact  the  values  (70b)  and  (70d)  for  the  relations 
between  the  time,  discharge,  and  head  are  the  same, 
when  either  level,  above  or  below,  is  fixed  and  the 
water  rises  or  faUs  in  the  prismatic  pond.  When  the 
pond  or  cistern  is  of  any  irregular  shape  and  section 
the  contents  can  be  divided  by  horizontal  sections  into 
any  suitable  number  of  parts  of  equal  height,  when  the 
whole  time  of  filling  or  emptying  will  be  the  sum  of 
the  times  calculated  for  each  horizontal  lamina,  and 

K  2 
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the  greater  the  numher  of  lamina  the  more  correct  the 
result. 

When  the  levels  of  hoth  ponds  vary  hy  the  water 
passing  from  one  into  the  other,  diagram  2,  Fig.  29a. 
Measuring/ and /i  from  the  common  level  and  calling 
/j  the  height  fallen  in  any  time  t,  then  from  equation 
(69i)  by  dividing  into/^  a  and  multiplying  by  t 

___     gjj  c^  A^  (a  -f  Ai)  '^  ^gf^t 

^^°^-^''=2AJ{A(/  +  /0}i-{(A  +  A0(/i"-./J}i}=-^^^^- 

When/x  =  /i  and  the  water  is  one  level  in  both  ponds 
this  becomes  

(70p.)      d  -  2a(/  +  /,)4         -  ^^  ^^• 

And  when  a  is  infinitely  large,  fe  and  /  =  0  this  is 
farther  reduced  to 

,^^    ^                     Cd  a  V  2  a/i  X  * 
(70g.)  d  =  -<*— ^-^^ =  j^  Ai 

as  it  should  be.    In  each  of  the  last  three  equations 

V  2  flf 
the  factor  — o —  =  4*0125  for  feet  measures.    It  may 

be^said  of  these  formulae  that  the  product /,  Aj,  or  j^  Ai, 
gives  the  quantity  at  once,  but  in  many  problems /c>  /i 
and  t  have  to  be  found  from  each  other. 
Assuming  the  form  of  the  ordinary  formula 

D  =  Cd  a  "/Ygfi  =  8-025  c^  a  V^ 

in  one  second,  or  481*5  c^  a  V^  in  one  minute  for  a 
steady  head/i.  Then  for  a  variable  head  as  in  Fig.  29, 
and  1  Fig.  29a,  the  time  of  discharging  a  given 
quantity  is  doubled:  or,  which  is  the  same  thing, 
the  coefficient  c^  becomes  now  '5  c   in  the  first  form. 
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In  the  case  of  two  equal  ponds  equation  (70f)  would 

become  

D  =  -707  Cd  a  V2flr/i  x  t, 

and  the  time  1'4142  times  that  required  to  discharge  a 
quantity  equal  to/i  a  with  an  invariable  head^.  But 
as  the  head  at  the  beginning  was/i  +  /  =  2/i  if  this 
latter  head  were  used^  the  quantity  being  the  same, 

D= — J — ^^ =  •177Cda  V25f2/i  X  t, 

or  a  little  over  one-sixth  of  what  it  would  be  if  the 
head  at  the  beginning  2/i,  remained  invariable  for  the 
same  time  t. 

FLOOD  AND  TIDAL   SLUICES. 

The  opes  for  these  are  intended  for  the  drainage  of 
low  embanked  lands.  They  are  fitted  with  gates,  or 
doors,  generally  hung  on  their  upper  side  and  self- 


acting  so  as  to  shut  when  the  outside  water  rises  over 
the  inside  level,  and  to  open  when  it  sinks  to  or  below 
it,  so  as  to  pass  off  the  inside  water.  The  effective 
head  is  reduced  during  the  time  the  water  takes  to 
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rise,  between  the  bottom  of  the  aperture — or  low 
water  if  over  the  aperture, — and  the  inside  level  of  the 
water  on  the  lands.  During  the  time  of  fall  a  like 
reduction  takes  place  ;  and,  therefore,  the  discharging 
power  of  the  sluice  is  considerably  reduced.  The  re- 
lations between  the  times  and  the  heads  risen  or 
fallen  through  being  known,  the  integration  of  equation 
(70)  can  be  eflfected  directly  or  by  approximation,  ft 
being  any  function  of  t.  When  the  rise  or  fall  of  the 
flood  is  everywhere  proportionate  to  the  time,  as  in 
H  L  I,  diagram  3,  Fig.  29b  ;  where  h  l  represents  the 
faU  and  h  i  the  time ;  then  in  diagrams  1  and  2,  if  t 
be  the  time  of  rising  through  h  +  f  =  hi,  the  time  of 

rising  through  ^  is  ^  and  integrating  equation  70 

accordingly, 

2 1  h  , 

(70a.)  d  =  g-^Cd  a  y/  2gh; 

for  the  discharge  in  the  time  of  rising  through  ft,  which 
when  fti  =  ft  becomes 

(70b.)    d  =  f  Cd  t  a  \/2ghi  =  -667  c^  t  a  \^2glii. 

The  coefficient  c^  is  therefore  reduced  one-third  when 

hi=f,  when  ftj  =  2 /or  at  half  flood,  and  indeed  through- 

2  Cd 
out  ^1,  for  either  diagram  1  or  2,  the  coefficient  -q 

remains  constant.  The  gate  or  door  at  o  is  supposed 
shut  in  the  time  of  rising  and  falling  through  /i  and  fully 
open  in  the  time  of  rise  or  fall  through  ft  -f  /  =  hi. 
When  not  fiilly  open  the  discharge  becomes  still  further 
reduced. 

Tides. — If  the  whole  fall  h  l  be  that  of  a  tide  from 
high  to  low  water,  then  on  the  assumption  that  when 
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iitio\'L  is  the  arc  of  a  semicircle  it  represents  time,  t,  of 
rising  or  falling  through  h  l,  the  time  of  rising  through 

0  L  is  represented  by  the  arc  l  Oi,  and  the  time  of  rising 
through  T  o  by  the  arc  Oi  ti  the  direct  integration  of 
equation  (70),  which  then  becomes  by  reduction 

(70c.)  dD=Cd  a  Va^x  d  t^  \/hi  -  (A±A)^  J  _  ^^^  ^^^) 

in  which  t^  is  the  time  of  rising  through  h ;  and  — « — ^' 

the  semirange  of  the  tide^  gives  the  discharge.  Putting 
the  angle  l  Oi  Oj  =  ^  this  may  be  changed  into 

T  /        h\  -KA 

(70i».)^i>=^d«v^2^X  jgQO  X  d  ^  \/ /ii  -  ^"2^(1  -  cos  ^). 

Or  as  it  can  be  otherwise  expressed,  putting  2  sin.*  ^  for 

1  —  cos  0 

, 2t        /^\     /  ^0 

(70E.)dD=CdaV2^X~  X  d^2/ V  *i"(^+/i)  ^2 

The  integration  of  any  of  these  forms  can  only  be 
effected  approximately.  With  tides  from  20  feet  to 
6  feet,  inside  heights,  or  values  of  Ai,  from  14  feet  to 
1  foot,  and  times  of  rising  through  those  heights  from 
286  to  58  minutes,  Mr.  Cotton  calculated  the  co- 
efficients from  ('70e)  and  found  them  to  vary  from 
'748  to  •785.  If  applied  to  the  common  form  these 
give 

(70p.)        D  =:  (-748  to  -785)  c^  t  a  V  2  ^  fti, 

for  the  discharge  within  the  limits  of  the  calculations. 
These  "  tidal  coefficients,"  as  I  shall  caU  them,  are 
too  high  for  most  cases  occurring  in  practice,  and  re- 
quire the  sluice  to  be  placed  at  or  below  low  water  of  a 
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6h.  18m.  tide,  as  in  diagram  1,  Fig.  29b.  The  fall 
and  rise  of  the  tide  at  the  end  of  the  ebb  and  begin- 
ning of  the  flow  would,  for  several  minutes,  be  prac- 
tically nothing,  and  the  coefficient  would  then  be 
imity,  which  is  the  limit  for  a  very  small  value  of  h 
at  low  water  in  diagram  1.  At  semirange  for  a  small 
rise  A,  and  an  orifice  placed  there^  the  rise  would  be  as 
the  times  and  the  coefficient  would  be  *667;  both 
giving  -883  for  an  arithmetical  mean,  which  is  evi- 
dently  too  high,  as  the  coefficient  unity  holds  only  for 
a  comparatively  small  height.  If,  however,  in  dia- 
gram 2,  Fig.  29b,  the  sluice  or  mouth  of  the  culvert 
be  high  up,  and  near  below  the  semirange  of  the  tidal 
wave^  which  is  the  more  common  case  in  practice,  then 
the  coefficient  would  reduce  to  f  =  '667  for  its  limit. 
All  this  supposes  the  surface  of  the  inside  water  or 
reservoir  at  t  in  both  diagrams  to  remain  constant, 
and  as  it  should  reduce  something  in  the  outflow  until 
the  tide  rises  for  some  height  up  hi  there  is  still  a 
greater  reason  for  selecting  f  rds.  or  the  minimum  co- 
efficient of  the  range,  and  to  represent  the  discharge 
from  a  tidal  sluice  fully  open  by 

(70g.)     d  =  I  Cd  a  V2^  Ai  x  e  =  5-85  c^  a  Vhi  x  t, 
for  feet  measures  and  time  in  seconds ;  or 

(70h.)  d  =  821  Cd  a  V  Ai  x  t 

for  measures  in  feet  and  time  in  minutes. 

The  value  of  c^  is  best  taken  from  the  table  cal- 
culated from  equation  (74b),  Section  VIII.  If  the 
length  of  the  culvert  *  or  pipQ  under  an  embankment  at 

*  The  orifice  0  is,  in  practice,  generally  a  pipe  or  culvert  of  some 
length  bnilt  under  an  embankment. 
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the  mouth  of  which  the  sluice  is  placed  be  20  diameters 
or  80  mean  radii  c^  =  '781  then  (70g)  becomes 

(70i.)  D  =  284-6  a  V^  X  *. 

If  the  length  of  the  culvert  be  40  diameters  or  160 
mean  radii  then  c^  =  '668  and  the  discharge  would  be 

(70k.)  d  =  214  a  VIT  X  t. 

And  for  a  coefficient  of  '628 

(70l.)  d  =  200  a  Vlh  X  t. 

The  time  of  rise  or  fall  of  the  tide  may  be  taken  at 
6h-  13m.  in  diagram  1,  and  the  time  of  rising  through 
hi  be  represented  by  the  arc  l  Oi  ti,  diagram  8,  but  in 
diagram  2  the  time  corresponding  to  h^  is  the  arc  Oi  tj- 
For  a  uniform  rise  these  times  would  be  represented 
by  1 1,  and  i  o. 

Sluice-doors  when  self-acting  should  open  fully  so 
as  to  be  jfree  above  the  top  of  the  ope ;  and  not  to  fall 
below  it  until  the  rising  water  is  at  the  level  of  the 
surface  of  the  inside  reservoir ;  when  it  should  shut  if 
well  constructed.  They  hang  in  the  greater  number 
of  executed  works  at  an  angle  6,  with  the  vertical 
which  varies  with  the  force  of  the  outflow.  The  aper- 
ture, a,  in  this  case  is  no  longer  the  cross  section  of 
the  culvert,  but  the  orifice  now  may  be  supposed  as 
made  up  of  a  plane  the  width  of  the  culvei*t,  at  right 
angles  to  the  door,  equal  to  a  sin.  0,  having  two  vertical 
triangular  open  cheeks  of  the  height  of  the  culvert  one 
on  each  side,  between  the  vertical  plane  on  the  sloping 
door  and  the  top.  These  triangular  cheeks  vary  in 
area  from  zero  to  their  maximum  value,  which  is  when 
the  door  hangs  at  an  angle  of  45°.  If  the  door  be  set 
back  in  the  culvert  these  cheeks  are  stopped  and  the 
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outlet  becomes  a  sin.  6.  Further  formulsD  for  such 
contractions  would  be  mere  waste,  practically  con- 
sidered ;  and  they  are  therefore  not  given.  A  good 
sluice  gate,  with  its  mountings,  from  the  axis  of 
suspension  downwards,  should  have  the  same  specific 
gravity  as  the  outside  water,  should  act  in  a  cistern  so 
as  to  be  entirely  immersed  at  all  times,  and  the  centre 
of  pressure  a  little  below  the  centre  of  gravity.  But 
this  is  no  place  for  questions  of  construction,  or  the 
application  of  hydrodynamical  principles  to  them.  If 
the  object  were  to  calculate,  at  first,  the  sectional  area 
of  a  culvert  required  for  a  given  discharge  it  should 
not  be  made  less,  in  practice,  than  double  those  easily 
derived  from  the  above  formulae,  which  would  vary 
with  the  ratio  of  the  lengths  to  the  hydraulic  mean 
depth  of  the  culvert. 

In  these  sluices,  flood  or  tidal,  the  time  of  rising 
and  falling  through  /i  is  lost  in  each  flood,  or  in  each 
tide  ;  but  as  sea  water  is  more  dense  than  fresh  water 
the  time  lost  is  a  little  more.  There  is  also  a  back 
leakage  through  the  sluice  when  shut.  When  the 
sluice  can  be  placed  at  or  below  low  water  springs 
there  is  an  advantage  if  not  overbalanced  by  the 
expense  ;  but  in  general  it  is  sufficient  to  place  it  at  or 
below  the  low  water  in  the  tail-race  which,  itself,  must 
have  a  surface  fall  to  the  low  water  of  neap  and  spring 
tides  along  the  shore,  if  it  be  of  any  length.  Other- 
wise, unless  artificially  constructed  and  covered  over, 
it  would  fill  in.  The  range  of  the  tide  varies  consider- 
ably even  in  the  same  place  &om  the  lowest  neaps  to 
the  highest  springs.  The  mid-tide  is  nearly  constant 
and  the  velocity  of  ebb  and  flow  indicated  by  change  of 
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level  is  then  a  maximum  for  each  tide.  For  30  degrees 
on  each  side  comprising  the  time  of  falling  through 
the  central  half  of  the  whole  range  the  times,  diagram  3, 
are  nearly  as  the  changes  of  level.  In  the  remaining 
half  range,  comprising  one  quarter  ahove  and  the  other 
quarter  below,  the  relation  is  more  complex,  and  varies 
with  time,  wind,  and  weather.  In  Dundalk  I  have 
known  two  high  waters  within  a  few  hours  of  each 
other,  the  first  ebb  having  commenced  and  continued 
for  some  time  until  it  was  stopped  by  a  return  flow. 
Hence,  in  order  to  estimate  approximately  the  dis- 
charge from  a  tidal  sluice,  we  must  calculate  the 
discharge  for  each  tide  and  each  day,  suitable  to  dia- 
gram 1  or  diagram  2 ;  noting  that  as  the  range 
varies  from  springs  to  neaps  so  must  the  head,  hi, 
when  the  surface  at  t  of  the  backwater  remains  con- 
stant. It  is  necessary  to  keep  this  surface  at  all  times 
from  twelve  to  eighteen  inches  at  least  below  the  ad- 
jacent lands,  and  more  if  the  element  of  expense 
permits.  This  level  regulates  the  depth  and  size  of 
the  sluice  or  sluices. 

Self-acting  sluices  can  be  hung  on  vertical  as  well 
as  horizontal  axes.  When  at  the  surface,  for  weirs 
across  rivers,  the  centre  of  pressure  for  crest  sluices  is 
at  two-thirds  of  the  depth  below  the  surface.  As  the 
water  falls  below  the  top  so  does  this  centre ;  but  it 
can  never  rise  higher  than  half  the  depth,  the  position 
when  most  deeply  immersed.  The  position  of  the 
horizontal  axis  of  such  sluices  lies  therefore  below  the 
middle,  and  is  regulated  by  the  circumstances  of  each 
case,  which  are  referred  to  farther  on. 
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SECTION    VIIL 

FLOW  OF  WATER  IN  UNIFORM  CHANNELS. — ^MEAN  VELO- 
CITY.— MEAN  RADII  AND  HYDRAULIC  MEAN  DEPTHS. 
— BORDER. — TRAIN.  —  HYDRAULIC  INCLINATION, — 
EFFECTS  OF  FRICTION. — ^FORMUL^  FOR  CALCULAT- 
ING THE  MEAN  VELOCITY. — ^APPLICATION  OF  THE 
FORMULiE  AND  TABLES  TO  THE  SOLUTIONS  OF 
THREE  USEFUL  PROBLEMS. 

In  rivers  the  velocity  is  a  maximum  along  the  central 
line  of  the  surface,  or,  more  correctly,  over  the  deepest 
part  of  the  channel;  and  it  decreases  thence  to  the 
sides  and  bottom :  but  when  backwater  arises  from  any 
obstruction,  either  a  submerged  weir,  Fig.  22,  or  a 
contracted  channel.  Fig.  28,  the  velocity  in  the  channel 
approaching  the  obstruction  is  a  maximum  at  the 
depth  of  the  backwater,  below  the  surface,  and  it  de- 
creases thence  to  the  surface,  sides,  and  bottom. 
When  water  flows  in  a  pipe  of  any  length,  the  velocity 
at  the  centre  is  greatest,  and  it  decreases  thence  to  the 
sides  or  circumference  of  the  pipe.  If  the  pipe  be 
supposed  divided  into  two  portions  in  the  direction  of 
its  length,  the  lower  portion  or  channel  will  be  analo- 
gous to  a  small  river  or  stream,  in  which  the  velocity 
is  greatest  at  the  central  line  of  the  surface,  and  the 
upper  portion  will  be  simply  the  lower  reversed.  A 
pipe  flowing  full  may,  therefore,  be  looked  upon  as  a 
double  stream,  and  it  will  soon  appear  that  the  formulae 
for  the  discharge  from  each  kind  are  all  but  identical. 


Vb+V 

V  ^=  — 
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though  a  pipe  may  discharge  full  at  all  inclinations, 
while  the  inclinations'in  rivers  or  streams,  having  uni- 
form motion,  never  exceed  a  few  feet  per  mile. 

MEAN   VELOCITY. 

It  is  found,  by  experiment,  that  the  mean  velocity  is 
nearly  independent  of  the  depth  or  width  of  the  chan- 
nel, the  central  or  maximum  velocity  being  the  same. 
From  a  number  of  experiments,  Du  Buat  derived 
empirical  formulae  equivalent  to 

^     =v-v4+^,Vb  =  (vi-l)>,andv=(v4-fl)2; 

in  these  equations  v  is  the  mean  velocity,  v  the  maxi- 
mum surface  velocity,  and  v^  the  velocity  at  the  sides, 
or  bottom,  expressed  in  French  inches.  Tables  cal- 
culated from  these  formulse  do  not  give  correct  results 
for  measures  in  English  inches,  though  they  are  those 
generally  adopted.  Disregarding  the  difference  in  the 
measures,  which  are  as  1  to  1*0678,  it  will  be  found 
that,  in  the  generality  of  (channels,  the  mean  velocity 
is  not  an  arithmetical  mean  between  the  velocity  at  the 
central  surface  line  and  that  at  the  bottom,  though 
nearly  so  between  the  mean  bottom  and  mean  surface 
velocities.  Dr.  Young,*  modifying  Du  Buat's  for- 
mula, assumes  for  English  inches  that  v  +  v^  =  y, 

and  hence  v  =  v-i-J  —  (v+  J)*.  This  gives  results 
very  nearly  the  same  as  the  other  formula  for  v,  but 
something  less,  particularly  for  small  surface  velocities. 
For  instance,  Du  Buat's  formula  gives  '5  inch  for  the 
mean  velocity  when  the  central  surface  velocity  is  1 

*  Philosophical  Traiuactions,  1808,  p.  487. 
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inch,  whereas  Dr.  Young's  makes  it  '38  inch.  For 
large  velocities  hoth  formulse  agree  very  closely,  dis- 
regarding the  diflFerence  between  the  measures,  which 
is  only  seven  per  cent.  They  are  best  suited  to  very 
small  channels  or  pipes,  but  unless  at  mean  velocities 
of  about  8  feet  per  second,  they  are  wholly  inapplicable 
to  rivers. 

Prony  found,  from  Du  Buat's  experiments,  that  for 

.  /2-37187  +  v\      .       . .  I.     . 

measures  m  metres  v  =  I  jt-t-sttt^i^ |v,  m  which  v  is 

\3-15312  +  v/ 

also  the  maximum  smface  velocity.     This,  reduced  for 

measiu*es  in  English  feet,  becomes 

/m  N  /  7-783   +  v\     -, 

and  for  measures  in  English  inches, 

(7lA.)  V  =  (124:14-^--)- 

For  medium  velocities  v  =  •81  v.  The  experiments 
from  which  these  formulffi  were  derived  were  made  with 
small  channels.  The  author  has  calculated  the  values 
of  V  from  that  of  v,  equation  (71a),  and  given  the  re- 
sults in  columns  3, 6,  and  9  in  Table  VII.  Ximenes, 
Funk,  and  Briinning's  experiments  in  larger  channels 
give  the  mean  velocity  at  the  centre  of  the  depth  equal 
•914  V,  when  the  central  or  maximum  surface  velocity 

*  Francis,  Lowell  Experiments,  p.  150,  finds  this  formula  to  give  15 
per  cent,  less  than  the  result  found  by  weir  measurement  from  the 
formula  D  =  3*83  (I  ^  '1  n  h)  hiy  the  quantity  discharged  being  about 
250  cubic  feet  per  second,  and  the  velocity  about  3*2  feet.  It  appears, 
however,  that  Francis  uses  the  mean  surface  velocity,  and  not  the 
maximum  surface  velocity  required  by  the  formula  :  if  the  latter  were 
used,  the  difference  would  be  reduced  to  6  per  cent.,  or  thereabouts,  in 
equation  (72). 
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is  y ;  but  as  the  velocity  also  decreases  in  nearly  the 
same  ratio  at  the  surface  from  the  centre  to  the  sides 
of  the  channel,  we  shall  get  the  mean  velocity  in  the 
whole  section  equal  '914  X  '914  v  =  '885  v;  and 
hence,  for  large  channels, 
(72.)  t;  ^  -885  v, 

in  which  equation  v  is  the  maximum  velocity  ai  the 
surface.  The  author  has  also  calculated  the  values  of 
V  from  this  formula,  and  given  the  results  in  columns 
2,  6,  and  8  of  Table  Vn.  This  table  wiU  be  found 
to  vary  considerably  from  those  calculated  from  Du 
Buat's  formula  in  French  inches,  hitherto  generally 
used  in  this  country,  and  much  more  applicable  for  all 
practical  purposes. 


MEAN   RADIUS. — ^HYDRAUIilC   MEAN    DEPTH. — ^BORDER. 

COEFFICIENT  OF  FRICTION. 

If,  in  the  diagrams  1  and 
2,  Fig.  SO,  exhibiting  the 
sections  of  cylindrical  and 
rectangular  tubes  filled  with 
flowing  water,  the  areas  be 
divided  respectively  by  the 
perimeters  a  c  b  d  a  and  a  b  d  c  a,  the  quotients  are 
termed  "  the  mean  radiV*  of  the  tubes,  diagrams  1  and 
2;  and  the  wetted  perimeters  in  contact  with  the  flowing 
water  are  termed  "  the  borders"  In  the  diagrams  8 
and  4,  the  surface  a  b  is  not  in  contact  with  the  chan- 
nel, and  the  width  of  the  bed  and  sides,  taken  together, 
A  c  D  b,  becomes  "  the  border."  "  The  mean  radius  " 
is  equal  to  the  area  a  b  d  c  a  divided  by  the  length  of 
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the  border  a  c  d  b.  "  The  hydravlic  mean  depth  "  is 
the  same  sis  '^the  mean  radiiis,**  this  latter  term  being 
perhaps  most  applicable  to  pipes  flowing  full,  as  in 
diagrams  1  and  2 ;  and  the  former  to  streams  and 
rivers  which  have  a  surface  line  a  b,  diagrams  3  and  4. 
Throughout  the  following  equations,  the  value  of  the 
" mean  radius,"  "hydraulic  mean  depth,"  or  quotient, 

-  — -= ,*  is  designated  by  the  letter  r,  remarking 

here  that  for  cylindrical  pipes  flowing  full,  or  rivers 
with  semicirctdar  beds,  it  is  always  equal  to  half  the 
radius,  or  one-fourth  of  the  diameter, 

Du  Bu&t  was  the  first  to  observe  that  the  head  due 
to  the  resistance  of  friction  for  water  flowing  in  a 
uniform  channel  increased  directly  as  the  length  of  the 
channel  I,  directly  as  the  border,  and  inversely!  as  the 


*  M.  Girard  has  conceived  it  necessary  to  introduce  the  coefficient 
of  correction  1*7  as  a  multiplier  to  the  border  for  finding  r,  to  allow 
for  the  increased  resistance  from  aquatic  plants ;  so  that,  according  to 
his  reduction, 

area 
*■  =  17  bolder* 

See  Rennie's  First  Report  on  Hydraulics  as  a  branch  of  Engineering  ; 
Third  Report  of  the  British  Association,  p.  167  ;  also,  equation  (8^, 
p.  216.  The  Author  has  known  cases  in  very  irregular  channels  in 
which  for  this  sort  of  correction 

area 
^  ~  4  border" 
In  other  words,  where  the  velocity  found  from  the  common  formula, 
from  the  fall  per  mile,  required  to  be  reduced  one-half  to  find  the 
actual  mean  velocity. 

t  Pitot  had  previously,  in  1726,  remarked  that  the  diminution 
arising  from  friction  in  pipes  is,  ecBUria  paribus,  inversely  as  the 
diameters. 
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area  of  the  cross-flowing  section,  very  nearly ;  that  is, 
as  -.    It  also  increases  as  the  square  of  the  velocity, 

T 

nearly ;  therefore  the  head  due  to  the  resistance  must 


be  proportionate  to 


^  Ct  y. =  hf,  then  <?, 


2k  g  r  ^  9  T 

is  the  coefficient  for  the  head  due  to  the  resistance  of 
friction,  as  &  is  the  head  necessary  to  overcome  the 
friction  at  the  given  velocity ;  C(  is  therefore  termed 
"  the  coefficient  offriciion.'^  It  is  found  to  increase  as 
the  velocity  decreases. 


HYDRAULIC  INCLINATION. — TRAIN. 

If  Z  be  the  length  of  a  pipe  or  channel,  and  hf  the 
height  due  to  the  resistance  of  friction  of  water  flowing 

in  it,  then  -^  is  the  hydraulic  inclination.     In  Fig.  81 

V 

the  tubes  a  b,  c  d,  of  the  same  length  I,  and  whose 


1 s-' • ^^ 

i--li-- 

-->  Fiff.31 

1         " 

^^r-srPt^ 

r 

H                1 

1              D 

"^^ 

discharging  extremities  b  and  d  are  on  the  same  hori- 
zontal plane  b  d,  will  have  the  same  hydraulic  inclina- 
tion and  the  same  discharge,  no  matter  what  the  actual 
inclinations  or  the  depth  of  the  entrances  at  a  and  c 
may  be,  if  they  are  of  the  same  kind  and  bore ;  and  as 
the  velocities  in  a  b  and  c  d  are  the  same,  the  height 

0 
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h  due  to  them  must  be  the  same  when  the  circumstances 
of  the  orifices  of  entry  a  and  c  are  alike.  The  whole 
head  is  k  =  h  +  hf  (see  pp.  161  and  162,  &c.)  The 
hydraulic  inclination  is  not  therefore  the  whole  head  h, 
divided  by  the  length  I  of  the  pipe,  as  it  is  sometimes 
mistaken  for,  but  the  height  hf  (found  by  subtracting  the 
height  h,  due  to  the  entrance  at  a  or  c,  and  the  velo- 
city in  the  pipe,  from  the  whole  height)  divided  by  the 
length  {.  When  the  height  h  is  very  small  compared 
with  the  head  hf  due  to  friction,  or  to  the  whole  height 
H,  as  it  is  in  very  long  tubes  with  moderate  heads ; 

H  .  h      . 

-  may  be  substituted  for  -j  without  error;  but  for  short 

V  V 

pipes  up  to  1000  diameters  in  length  the  latter  only 
should  be  used  in  applying  Du  Buat's  and  some  other 
formulsB,  which  only  allow  for  the  head  due  to  friction ; 
otherwise  the  results  will  be  too  large,  and  only  fit  to 
be  used  approximately  in  order  to  determine  the  height 
h  from  the  velocity  of  discharge  thus  found.  When 
the  horizontal  pipe  c  d,  Fig.  82,  is  equal  in  every  way 


to  the  inclined  pipe  a  b,  and  the  head  at  a  is  that  due 
to  the  velocity  in  c  d,  the  discharge  from  the  pipe  a  b 
will  be  equal  to  that  from  c  d  ;  but  a  peculiar  property 
belongs  to  the  pipe  a  b  in  the  position  in  which  it  is 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS,  195 

here  placed ;  for  if  it  he  cut  short  at  any  point  e,  or 

lengthened  to  any  extent,  to  b,  the  discharge  will  remain 

the  same  and  equal  to  that  throitgh  the  horizontal  pipe 

c  D.     The  Telocity  in  a  b  at  the  angle  of  inclination 

A  B  Cy  when  a  c  =  Af,  and  a  b  =  c  d,  is  therefore  such 

that  it  remains  unaffected  by  the  length  a  £  or  a  e,  to 

which  it  may  be  extended  or  cut  short ;  and  at  this  in^ 

clination  the  water  in  the  pipe  ab  is  said  to  be  "  in 

train."     In  like  manner  a  river  or  stream  is  said  to  be 

"in  train'*  when  the  inclination  of  its  surface  bears 

such  a  relation  to  the  cross  section  that  the  mean 

velocity  is  neither  accelerated  nor  retarded  by  the  length 

of  the  channel ;  and  it  can  be  perceived  from  this  that 

the  acceleration  that  would  be  caused  by  the  inclination 

is  exactly  counterbalanced  by  the  resistances  to  the  motion 

tvhen  the  moving  water  in  a  pipe  or  river  channel  is  in 

train. 

Some  writers  and  engineers  appear  to  confound  the 

inclination  of  a  pipe,  simply  so  called,  or  the  head 

divided  by  the  length,  with  the  hydraulic  inclination  ; 

and  consequently  have  fallen  into  error  in  applying 

such  of  the  known  formul®  as  take  into  consideration 

only  the  head  due  to  the  resistance  of  £riction.    When 

pipes  are  of  considerable   length,  and  the  water  is 

supplied  from  a  reservour  at  one  end,  the  inclination, 

found  as  above,  and  the  hydraulic  inclination,  may  be 

taken  equal  to  each  other  without  sensible  error ;  but 

for  shorter  pipes,  of  say  up  to  800  or  1000  diameters 

long,  the  greater  number  of  formula,  as  Du  Buat's 

and  others,  do  not  directly  apply ;  and  it  is  necessary 

to  take  into  consideration  the  head  due  to  the  orifice 

of  entry,  the  velocity  in  the  tube,  and  also  to  the 

0  2 
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impulse  of  supply  when  there  are  junctions.  These 
separate  elements,  and  their  effects,  will  be  now  con- 
sidered ;  but  it  will  be  of  use  to  refer  a  little  farther 
on  to  some  experiments,  and  the  imperfect  application 
of  formulse  to  them,  first  premising  that  a  jpipe  may  he 
horizontal^  or  even  turn  upwards^  and  yet  have  a  con- 
siderahU  hydraulic  inclination. 

Ash  =  (1  +  Cp) o —  where  c,  is  the  coefficient  of 

^  9 

the  height  due  to  the  resistance  at  the  orifice  of  entry 

A  or  c,  and  ht  =  Ct  s >  therefore 

A  g  r 

(73.)    H  =  (1  +  c,)-2^  +  c,  X  ^^=(1  4  Cr+c,-j  2  y 

and  hence  the  mean  velocity  of  discharge  is  found 
to  be 


(74.)    V  = 


2gn        ]*     f    -x2^H 


1  +  Cr  +  Ct  - 


i 


(1  +  O^  +  zJ  ' 

Cf  / 

or, 

(     2<yH     \l      (    2<ynr    ) 


1 
ascj  =  ^    ,  j^,  equation  (65).    Also  this  last  equation 

by  another  change  of  form  becomes 


X  .^  1  l[; 


(74b.)      V  =  V  2  flr  H 

'  ci       ^      r 

♦  See  equations  (152)  and  {162a)  for  a  still  more  general  expression 
for  the  velocity ;  and  page"  229,  for  the  value  of  ct  suited  to  various 
velocities. 
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the  values  of  the  second  member  on  the  right-hand 
side  of  this  equation,  or  of 


{^-t-F 


I 
are  given,  for  different  values  of  Cf,  c^,  and  -,  in  the 

small  table  at  p.  146,  and  below  at  p.  199. 

When  k  is  small  compared  with  hf,  or,  which  comes 

to  the  same  thing,  1  +  c,  small  compared  with  Cf  x  -;., 

(75.)  H  =  c,  X  — , 

and 


(76.) 


"  f4^}' 


In  the  last  equation,  if  «  be  substituted  for  -y ,  equal 
the  sine  of  the  angle  of  inclination  a  b  c,  then 

(77.)  -{'-f-'}- 

The  average  value  of  Cf  for  all  pipes  with  straight 
channels,  with  velocities  of  about  1*5  foot  per  second, 
may  be  taken  at  '0069914,  from  which  equation  (77) 
becomes,  for  measures  in  feet, 

(78.)  V  =  96  a/TT. 

As  the  mean  value  of  the  coefficient  of  resistance  c, 
for  the  entrance  into  a  tube  is  '508,  and  as  2  r/ 
=  64-408,  and  c,  =  -0069914,  equation  (74),  for 
measures  in  feet,  becomes 
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64-403  H 
508  +  -0069914 

Hr 


V  =  100  -J  OQ.    fr.no^7  \\  or 


\ 


0234r  + -0001085  Z 

I ET 1/ 

\234r+l-085ZJ 
^~^"|58d4-l-085ZJ   • 


or 


Tliis,  multiplied  by  the  section,  gives  the  discharge. 

For  velocities  between  2  and  2^  feet  per  second,  Cf 
=  -0064403,  and  therefore 

^ --  V0234 r  + -0001  Z j    "-^"\68d  +  Zj' 
in  which  d  =  4  r  =  diameter  of  a  pipe. 

The  following  table  is  calculated  from  equation 
(74b)  Jor  a  velocity  of  about  20  feet  per  second,* 
when  Ct  =  '004556,  and  for  different  orifices  of  entry, 
in  which  c^  varies  from  "986  for  a  rounded  orifice,  to  '715 
when  the  pipe  projects  into  the  vessel.  It  gives  directly 
the  coefficient,  which,  multiplied  by  V  2  jr  h,  gives 
the  velocity  in  the  pipe,  taking  friction  into  account. 

The  small  table  Section  VI.,  p.  146,  gives  the  like 
coefficients  of  V  2  ^  h  in  equation  (74b),  when  c^  = 
'00699  suited  to  a  velocity  of  about  18  inches  per 
second,  and  can  be  applied  in  like  manner.  The  value 
of  V  2  ^  H  is  given,  in  inches,  in  colunm  2,  Table  II. 
For  feet  it  is  equal  8  V^  nearly. 

Mr.  Provisos  valuable   experiments!  with   IJ-inch 

*  See  p.  146. 

t  Transactions  of  the  Institution  of  Civil  Engineers,  vol.  ii.  pp.  201 
—210. 
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Values  op 


FOR  VELOCITIES  Of 

'  ABOUT  20  FEET  PER  8EC0NI 

>.♦ 

Kumb«r  of 

diameters  in 

thelenffth 

of  the  pipe. 

C<nTe8pondix)f 

coefficiente  of 

dJschaTga. 

Number  of 

the  length 
of  the  pipe. 

OorreepoDdiiig 

ooefficientB  ot 

diaohaiise. 

2  diaoieten 

•986 

•814 

•715 

900  diameters 

•289 

•286 

•233 

5 

•957 

•791 

•698 

950 

•234 

•280 

•227 

10 

•919 

•769 

•688 

1000        „ 

•228 

•225 

•222 

15 

•886 

•749 

•669 

1050 

•283 

•220 

•817 

20 

•855 

•781 

•656 

1100 

•218 

■215 

■218 

25 

•828 

•718 

•648 

1200 

•209 

•207 

•206 

30 

•804 

•698 

•632 

1400        „ 

•194 

•192 

•191 

85 

•781 

•688 

•620 

1600        ,, 

•182 

•180 

•179 

40 

•760 

•668 

•610 

1800        „ 

•172 

•171 

•170 

45 

•741 

•655 

•600 

2000        „ 

•168 

•162 

■161 

50 

•728 

•648 

•590 

2200        „ 

•166 

•155 

•154 

55 

•706 

•682 

•580 

2400        ,, 

•149 

•149 

•148 

100 

•595 

•548 

•514 

2600        „ 

•144 

•143 

•142 

150 

•518 

•485 

•462 

2800        „ 

•139 

•188 

•137 

200 

•464 

•440 

•422 

8000 

•134 

•133 

•133 

250 

•424 

•405 

•891 

8200        „ 

•130 

•129 

•129 

300 

•892 

•878 

•866 

3400        „ 

•126 

•126 

•126 

350 

•367 

•856 

•845 

8600 

•122 

•121 

•121 

400 

•846 

•886 

•829 

8800        „ 

•119 

•119 

•118 

450 

•329 

•819 

•814 

4000        ,, 

•116 

•116 

•116 

500 

•814 

•307 

•800 

4210 

•113 

•118 

•113 

550 

•801 

•295 

•289 

4400 

•111 

•111 

•111 

600 

-289 

•283 

•278 

4600 

•108 

•108 

•108 

650 

•279 

•278 

•269 

4800        ,, 

•106 

•106 

•106 

700 

•269 

•265 

•261 

5000 

•104 

•104 

•104 

750 

•261 

•257 

•268 

5200        „ 

•102 

•102 

•102 

800 

•258 

•249 

•246 

5400 

•100 

•100 

•100 

850 

•246 

•242 

•289 

6600        „ 

•098 

•098 

•098 

pipes,  from  20  to  100  feet  long,  have  been  used  in  a 
published  work*f  for  the  purpose  of  testing  the  accuracy 
of  Du  Buat's  and  some  other  formulae  ;  but  the  head 

*  See  p.  146. 

t  Researches  in  Hydraulics.     Weale*B  Quarterly  Papers  on  En- 
gineering. 
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divided  by  the  length  is  assumed  to  be  the  hydraulic 
inclination  throughout,  and  no  allowance  is  made  for 
the  head  due  to  the  orifice  of  entry  and  velocity  in 
the  pipe.  Of  course  the  writer's  conclusions  are 
erroneous.  It  is  shown,  Section  I,,  page  16,  how  very 
nearly  the  formulse  and  experiments  agree. 

The  formulse  appear  to  have  been  also  misunderstood 
by  the  surveyor  who  experimented  for  the  General 
Board  of  Health ;  for  the  inclination  of  the  pipe  in 
itself  is  assumed  to  be  the  hydraulic  inclination,  and 
no  allowance  is  made  for  the  head  due  to  the  impulse 
of  supply.  In  the  Civil  Engineer  and  Architect's 
Journal,  Vol.  XV.,  page  866,  it  is  stated  that  "  the 
chief  results  as  respect  the  house  drains  are  thus 
described  in  the  examination  of  the  surveyor  appointed 
to  make  the  trials."^ 

"  What  quantity  of  water  would  be  discliarged  through  a  8-inch 
pipe  on  an  inclination  of  1  in  120  ?— Full  at  the  head  it  would  dis- 
charge 100  gallons  in  three  minutes,  the  pipe  being  50  feet  in  length. 
This  is  with  stone-ware  pipe  manufactured  at  Lambeth.  This  applies 
to  a  pipe  receiving  water  only  at  the  inlet,  the  water  not  being  higher 
than  the  head  of  the  pipe. 

''  What  water  was  this  ? — Sewage-water  of  the  full  consistency,  and 
it  was  discharged  so  completely  that  the  pipe  was  perfectly  clean. 

"  At  the  same  inclination  what  would  a  4-inch  pipe  discharge  with 
the  same  distances  f — Twice  the  amount  (that  I  found  from  experi- 
ment) ;  or,  in  other  words,  100  gallons  would  be  discharged  in  half  the 
time.  This  likewise  applies  to  a  pipe  receiving  water  only  at  the  inlet, 
and  of  not  greater  height  than  the  head.  In  these  cases  the  section  of 
the  stream  is  diminished  at  the  outlet  to  about  half  the  area  of  the  pipe. 

**  Before  these  experiments  were  made,  were  there  not  various  hypo- 
thetical formuleef  proposed  for  general  use  ?—  Yes. 

*  Minutes  of  Information  with  reference  to  Works  for  the  removal 
of  Soil,  Water,  or  Drainage,  &c.,  &c.  Presented  to  both  Houses  of 
Parliament,  1852. 

t  It  is  a  mistake  to  call  those  formulae  hypothetical,  unless  so  fiELr  as 
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What  would  these  formtils  have  giren  with  a  S-inch  pipe,  and  at 
an  inclination  of  1  in  100  ?  and  what  was  the  result  of  your  experi- 
ments with  the  3-inch  pipe  ? — The  formule  would  give  7  cubic  feet, 
the  actual  ezpeiiment  gave  W\  cubic  feet ;  converting  it  into  time,  the 
discharge,  according  to  the  formulae,  compared  with  the  discharge 
found  by  actual  practice,  would  be  as  2  to  3. 

"  How  would  it  be  with  a  4-inch  pipe  % — The  formuls  would  give 
about  14*7  cubic  feet  per  minute^  whereas  practice  gave  23  cubic  feet 
per  minute. 

''Take  the  case  of  a  6-inch  pipe  of  the  same  inclination? — The 
results,  according  to  Mr.  Hawksley's  formula,  would  be  40}  cubic  feet 
per  minute  ;  from  experiment  it  was  found  to  be  63^  cubic  feet  per 
minute. 

''Then  with  respect  to  mains  and  drainage  oyer  a  flat  surface,  the 
result  of  course  becomes  of  much  more  value,  as  the  difference  proved 
by  actual  practice  increases  with  the  diminution  of  the  inclination  t — 
Certainly,  to  a  very  great  extent.  For  example,  the  tables  give  only 
14 '2  cubic  feet  per  minute  as  the  discharge  firom  a  pipe  6  inches  dia- 
meter, with  a  fall  of  1  in  800  ;  practice  shows  that,  under  the  same 
conditions,  47*2  cubic  feet  will  be  discharged. 

"  Will  you  give  an  example  of  the  practical  value  of  this  when  it 
is  required  to  carry  out  drainage  works  over  a  very  flat  surface  \ — An 
inclination  of  1  in  800  gives  only  14  cubic  feet  per  minute,  according 
to  theoiy,  while,  according  to  actual  experiment,  and  with  the  same 
inclination,  47  cubic  feet  are  given. 

''Then  this  difference  may  be  converted  either  into  a  saving  of 
water  to  effect  the  same  object,  or  into  power  of  water  to  remove  fecu- 
lent matter  from  beneath  the  site  of  any  houses  or  town  % — It  may 
be  so. 

"  And  also  the  power  of  small  indinations  properly  managed  f — 
Yes ;  for  example,  if  it  was  required  to  construct  a  water  course  that 

the  hypothesis  is  founded  on  observed  facta.  Every  formula  in  prac- 
tical use  is  founded  on  experiments,  and  has  been  deduced  from  them, 
but  those  formulffi  are  too  often  hypothetically  applied  to  short  tubes 
without  the  necessary  corrections.  It  will  be  seen  in  this  Section 
that  the  experiments  from  which  the  fonnulie  given  were  derived,  were 
in  every  way  greatly  more  extensive  than  those  made  by  the  directions 
of  the  Board  of  Health.  The  formula  named  as  Mr.  Hawkaley's  is, 
substantially,  £ytelwein*i  algebraically  transformed. 
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should  discharge,  say  200  feet  per  minute,  the  formula  would  require 
an  inclination  of  1  in  60 » 2  inches  in  10  feet;  whereas,  experiment 
has  shown  that  the  same  would  be  dlschai^d  at  an  inclination  of  1  in 
200  s  j  inch  in  10  feet,  thus  effecting  a  considerable  saving  in  excava- 
tion, or  a  smaller  drain  would  suffice  at  the  greater  inclination." 

The  results  given  above  are  calculated  in  the  follow- 
ing Table,  and  also  eight  of  the  experiments  made  for 
the  Metropolitan  Commissioners  of  Sewers* ;  assuming 
for  tb^present,  with  the  surveyor,  examined  by  the 
Commissioners,  that  the  inclinations  of  the  pipes  and 
hydraulic  inclinations  of  the  formulae  are  the  same, 
which  is  incorrect^  the  calculated  discharges,  found  by 
means  of  Tables  YIU.  and  IX.,  are  given  in  the  last 
column  of  the  Table. 


Diametn>  of 

Inclination 

Diachars^in 
cubic  feet  per 

Hvpothetical ' 
diBcharge  by 

pipe  in  inches. 

of  pipe. 

minute  by 

Du  Bu&t's 

experiment. 

formula. 

8 

1  in  120 

6-3 

6-6 

4 

1  in  120 

107 

14 

3 

1  in  100 

11-2 

7-6 

4 

1  in  100 

23 

15-6 

6 

1  in  100 

68-5 

48-8 

6 

1  in  800 

47-2 

13-8 

6 

lin60 

76 

69*3 

6 

1  in  100 

63 

43-8 

6 

1  in  160 

54 

33-4 

6 

1  in  200 

62 

29*2 

6 

1  in  820 

49 

21-8 

6 

1  in  400 

48-5 

19-6 

6 

1  in  800 

47-2 

18'3 

6 

Level 

46 

00 

Du  Buat's  formula,  therefore,  gives  larger  results 
than  the  experiments  in  the  two  first  cases,  because 
the  water  received  at  one  end  only  barely  filled  it,  and 


*  Adcock's  Engineer's  Pocket  Book,  1862,  pp.  261  and  262. 


ORIFICES,   WEIRS,  PIPES,  AND  RIVERS.  203 

the  pipe  was  not  full  at  the  lower  end ;  but  less  in  the 
others.  If  in  these  the  head  due  to  the  impulse  of 
entry,  at  the  upper  end,  and  at  the  side  junctions, 
were  known,  and  the  proper  hydraulic  inclination 
determined  by  the  experiments,  the  formulsB  would  be 
found  to  give  larger  approximate  results  in  every  case, 
as  might  have  been  expected  from  the  sewage-water 
used.  In  the  last  eight  experiments  it  is  stated,*  that 
**  the  water  was  admitted  at  the  head  of  the  pipe,  and 
at  Jive  junctions  or  tributary  pipes  on  each  side,  so 
regulated  as  to  keep  the  main  pipe  fiill,"  and  that 
''  without  the  addition  of  junctions  the  transverse 
sectional  area  of  the  stream  of  water  near  the  dis- 
charging end  was  reduced  to  one-fifth  of  the  corre- 
sponding area  of  the  pipe,  and  that  it  required  a  simple 
head  of  water  of  about  22  inches  to  give  the  same  result 
as  tJiat  accruing  under  the  circumstances  of  the  junc- 
tions.** It  is  also  stated,  that  '^  in  the  case  of  the  6- 
inch  pipe,  which  discharged  75  cubic  feet  per  minute, 
the  lateral  streams  had  a  velocity  of  a  few  feet  per 
minute.*' 

Now,  the  head  of  "  about  22  inches  '*  is  wholly 
neglected  in  the  foregoing  calculations,  though  in  a  pipe 
100  feet  long  it  wovld  he  equal  to  a/n  inclination  of  1  in 
55 !  It  however  includes  three  elements  at  least,  viz., 
the  portion  due  to  the  orifice  of  entry,  the  portion  due 
to  the  velocity  in  the  pipe,  and  the  portion  due  to 
friction.  Assume  the  case  of  the  horizontal  pipe, 
which  discharged  46  ctAic  feet  per  minvid     This  is 

*  Adoook's  Engineefs  Pocket  Book,  1852,  pp.  261  and  202. 
t  The  horizontal  pipe  would  diachai^  equally  at  both  ends,  unless 
there  was  a  head  of  water  at  either,  or  an  equivalent  in  the  velocity  of 
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equal  to  a  mean  velocity  of  46'9  inches  per  second ; 
with  this  velocity,  we  find  from  Table  VIII.  the 
hydraulic  inclination  of  a  6-inch  pipe  to  be  1  in  94, 
and,  therefore,  the  head  due  to  friction  in  a  pipe  100 
feet  long  is  12*7  inches.  Assuming  the  coefficient  for 
the  orifice  of  entry  and  velocity  to  be  '815,  we  also 
find  from  ^able  II.  a  head  of  4^  inches  due  to  these. 
We  then  have, 
Head  due  to  the  velocity  and  orifice  of 

entry 4*25  inches 

Head  due  to  the  resistance  of  friction     12*70      „ 
Radius  of  pipe 8*00      „ 


Total  .  .  19*96 
which  is  about  2  inches  less  than  the  observed  head  : 
this,  however,  is  not  stated  definitely.  It  is  therefore 
evident,  that  the  formvla  gives,  if  anything,  larger 
results  than  these  experiments,*  as  might  have  been 
expected,  instead  of  less  in  the  ratio  of  2  to  S,  as  is  stated 
in  the  Report. 

Wherever  junctions  are  applied,  as  in  the  examples 
above  referred  to,  the  formulsB  in  general  use  require 
correction;  for  the  quantity  of  water  then  flowing 
below  each  jimction  is  increased.  A  certain  amount 
of  error  is,  perhaps,  inseparable  from  every  calculation 
of  this  kind  ;  but  before  formulsB  deduced  from  experi- 
ment by  men  every  way  qualified  for  the  task  are 
condemned,  it  would  be  well  that  their  critics  should 
learn  to  understand  and  properly  apply  them. 

approach.    Of  conne,  a  smaller  pipe  with  a  fall,  must  be  better  than 
the  larger  one  with  none  at  all,  in  preventing  deposits. 

*  This  is  also  true  of  the  other  formula,  for  finding  the  discharge 
from  pipes,  given  in  this  work. 
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The  diameter  of  a  short  pipe  gives  in  itself  the 
means  of  increasing  very  considerably  the  surface 
inclination  of  the  fluid  stream,  by  reducing  the  section 
at  the  lower  end.  Assume  a  horizontal  pipe  50  feet 
long  and  6  inches  in  diameter,  then  if  the  receiving 
end  be  full,  and  the  discharging  end  one-third  full,  this 

inclination  will  be  5()~T7"fo  =  T50  5  *"^^  ^*^*  *^®  ^s- 

charging  end  cannot  be  kept  full  unless  a  head  of 
several  inches  be  maintained  at  the  receiving  end,  or 
an  equivalent  from  a  lateral  supply.  When  the  pipe 
is  about  two  diameters  long  it  becomes  a  short  tube  ; 
and  when  the  length  vanishes,  the  transverse  section 
becomes,  simply,  a  dischargiQg  orifice. 


DU  buat's  fobmula. 

The  coeflScient  of  friction  Cf  is  not,  however,  con- 
stant, as  it  varies  with  the  velocity.  That  given,  p.  198, 
viz.,  Ci  =  •004556  answers  for  pipes  when  the  velocity 
is  20  feet  per  second.  For  pipes  and  rivers  it  is  found 
to  increase  as  the  velocity  decreases ;  that  is,  the  loss 
of  head  is  proportionately  greater  for  small  than  for 
large  velocities.  Du  Buat  found  the  loss  of  head  to 
be  also  greater  for  small  than  large  channels,  and 
applied  a  correction  accordingly  in  his  formula.  This, 
expressed  in  French  inches,  is 

,f^n^  297(r*--l) .0/*     .,x 

(80.)      V  -  -— j -J rr—    b{r  -    1), 

(i)'-hyp.  log.  (j  +  re/ 

maintaining  the  preceding  notation,  in  which  s  =^~i. 
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In  this  formula  "1,  in  the  numerator  of  the  first  term, 
is  deducted  as  a  correction  due  to  the  hydraulic  mean 

depth,  as  it  was  found  that  297  (r^— 0*1)  agreed  more 

exactly  with  experiment  than   297r*   simply.      The 

second  term  hyp.  log.ly  +  1*6  V,  of  the  denominator 

is  also  deducted  to  compensate  for  the  observed  loss 
of  head  being  greater  for  less  velocities,  and  the  last 

term  '8  (r*  —  "1)  is  a  deduction  for  a  general  loss  of 
velocity  sustained  from  the  unequal  motions  of  the 
particles  of  water  in  the  cross  section  as  they  move 
along  the  channel.  These  corrections  are  empirical ; 
they  were,  however,  determined  separately,  and  after 
being  tested  by  experiment,  applied,  as  above,  to  the 

radical  formula  v  =■  297  \/  r  8. 

Du  Buat's  formula  was  published  in  his  Principes 
d'Hydraulique,  in  1786.  It  is,  as  we  have  seen,  partly 
empirical,  but  deduced  by  an  ingenious  train  of  reason- 
ing and  with  considerable  penetration  from  about  125 
experiments,  made  with  pipes  from  the  19th  part  of  an 
inch  to  18  inches  in  diameter,  laid  horizontally, 
inclined  at  various  inclinations,  and  vertical;  and 
also  from  experiments  on  open  channels  with  sectional 
areas  from  19  to  40,000  square  inches,  and  inclinations 
of  from  1  in  112  to  1  in  36,000.  The  lengths  of  the 
pipes  experimented  with  varied  from  1  to  8,  and  from 
8  to  8,600  feet. 

In  several  experiments  by  which  the  author  has 
tested  this  formula,  the  resulting  velocities  found  from 
it  were  from  1  to  6  per  cent,  too  large  for  small  pipes, 
and  too  small  for  straight  rivers  in  nearly  the  same 
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proportion.  As  the  experiments  from  which  it  was 
derived  were  made  with  great  care,  those  with  pipes 
particularly  so,  this  was  to  be  expected.  Experiments 
with  pipes  of  moderate  or  short  lengths  should  have 
the  circumstances  of  the  orifice  of  entry  from  the 
reservoir  duly  noted ;  for  the  close  agreement  of  this 
formula  with  them  must  depend  a  great  deal,  in  such 
pipes,  on  the  coefficient  due  to  the  height  h,  which 
must  be  deducted  from  the  whole  head  h  before  the 

hydraulic  inclination,  -^  =  s,  can  be  obtained ;  but  for 

very  long  pipes  and  uniform  channels  this  is  not 
necessary. 

The  experiments  from  which  Du  Buat's  formula 
was  constructed  are  given  in  full  by  the  late  Dr. 
Robinson  in  his  able  article  on  "rivers"  in  the 
EncyclopsBdia  Britannica,  pp.  268,  269,  and  270, 
where  the  calculated  and  observed  velocities  are  placed 
side  by  side  in  French  inches  per  second.  In  all 
these  experiments  Du  Bu&t  carefully  deducted  the 
head  due  to  the  velocity  and  orifice  of  entry  before 
finding  the  hydraulic  inclination  8,  and  those  who 
attempt  to  calculate  the  velocity  from  the  head  and 
length  of  the  channel  only,  without  making  this 
deduction,  will  find  their  calculated  results  very  dif- 
ferent from  those  there  given.  If  there  were  bends, 
curves,  or  contractions,  deductions  would  have  to  be 
made  for  these  in  like  manner  before  finding  s. 

Under  all  the  circmnstances,  and  after  comparing 
the  results  obtained  from  various  other  formulse,  the 
author  originally  preferred  calculating  tables  for  the 
values  of  v  from  this  formula  reduced  for  measures  in 
English  inches,  which  is 
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806-596  (r*  -  '1082)  „„^^  ,  i 


V  = 


j  -  -2906  (r"  -  -1082), 


(i)*-hyp.log.(i+l-6) 
or  more  simply, 

Q'-i.yp.i<,g.(l  +  ley 

This  gives  the  value  of  v  a  little  larger  than  the 
original  formula,  but  the  difference  is  immaterial. 
For  measures  in  English  feet  it  becomes 

88-51  (r*  -  -03)  i 

The  results  of  equation  (81')  are  calculated  for 
different  values  of  8  and  r,  and  tabulated  in  Table 
VIII.,*  the  first  eight  pages  of  which  contain  the 
velocities  for  values  of  r  varjdng  from  iV^  ^<^^  *^ 
6  inches ;  or  if  pipes,  diameters  from  J  inch  to  2  feet, 
and  of  various  inclinations  from  horizontal  to  vertical. 
The  last  five  pages  contain  the  velocities  for  values  of 
r  from  6  inches  to  12  feet,  and  with  falls  from  6  inches 
to  12  feet  per  mile. 

Example  VIII.  A  pipe,  IJ  inch  diameter  and 
100  feet  long,  has  a  constant  head  of  2  feet  over  the 
discharging  extremity ;  what  is  the  velocity  of  discharge 
per  second  ? 

*  When  this  Table  was  fint  calculated,  the  author's  formula  (119a) 
was  not  known,  and  as  a  development  of  Du  Buftt's  valuahle  but 
complex  expression  the  table  is  retained.  Others  have  since  given 
Tables  calculated  from  (119a),  but  the  formula  itself  is  easily  remem- 
bered, and  results  for  any  particular  case  easily  calculated ;  especially 
so  by  using  the  last  column  of  the  table  attached  to  it. 
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The  mean  radius  r  =  --  =  -  inches,  and  —-  =  60  =  -, 

4       8  'a  ^' 

is  the  approximate  hydraulic  inclination.  At  page  2 
of  Table  VIII.,  in  the  column  imder  the  mean  radius 

-,  and  opposite  to  the  inclination  1  in  60,  is  foimd 

80*69  inches  for  the  velocity  sought.  This,  however, 
is  but  approximative,  as  the  head  due  to  the  velocity 
should  be  subtracted  from  the  whole  head  of  2  feet, 
before  finding  the  true  hydraulic  inclination.  This 
head  depends  on  the  coefficient  of  resistance  at  the 
entrance  orifice,  or  the  coefficient  of  discharge  for  a 
short  tube.  In  all  Du  Buat's  experiments  this  latter 
was  taken  at  '8126,  but  it  will  depend  on  the  nature 
of  the  junction,  as,  if  the  tube  runs  into  the  cistern, 
it  will  become  as  small  as  *716 ;  and,  if  the  junction 
be  rounded  into  the  form  of  the  contracted  vein,  it 
will  rise  to  '974,  or  1  nearly.  In  this  case,  the  co- 
efficient of  discharge  may  be  assimied  *816,*  from 
which,  in  Table  U.,  the  head  due  to  a  velocity  of 

7 

80*69  inches  is  1-  =  1*87  inch  nearly,  which  is  the 

value  of  A;    and  hence,  h  —  &  =  Af  =  24  —  1*87 

I        100  X  12        „  _         1 


=  54*2  =    - 
s 


=  22*13  inches;  and^  = — 2208 

the  hydraulic  inclination,  more  correctly.     With  this 

new  inclination  and  the  mean  radius  -,  the  velocity 

by  interpolating  between  the  inclinations  1  in  60 
and  1  in  60,  given  in  the  table,  is  80*69  - 1*34  =  29*86 
inches  per  second.  This  operation  may  be  repeated 
until  V  is  found  to  any  degree  of  accuracy  according 

*  See  Example  Id,  pp.  14,  15. 
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to  the  formula ;  but  it  is,  practically,  unnecessary  to 
do  so.  The  discharge  per  minute  in  cubic  feet,  is  now 
easily  found  from  Table  IX.,  in  which,  for  an  inch 
and  a  half  pipe. 

Inches.  Cubic  feet. 

For  a  velocity  (rf  20*00  persecondi  1*22718  per  minnte. 

9-00    „       „  -56223    „ 

•80    „      „  -01841     „         „ 

•04    „       „  -00245    „ 


29-34    „      „        1-80027    „ 

The  discharge  found  experimentaUy  by  Mr.  Provis, 
for  a  tube  of  the  same  length,  bore,  and  head,  was 
1'745  cubic  foot  per  minute. 

If  the  coefficient  of  discharge  due  to  the  orifice  of 
entry  and  stop-cock  in  Mr.  Provis' s  208  experiments  * 
with  1 J  inch  lead  pipes  of  20,  40,  60,  80,  and  100  feet 
lengths,  be  *715,  the  results  calculated  by  the  tables 
will  agree  with  the  experimental  results  with  very 
greatTccuracy.  and  it'is  very  probable.  W  Z 
circumstances  described,  that  the  ordinary  coefficient 
•815  due  to  the  entry  was  reduced  by  the  circum- 
stances of  the  stop-cock  and  fixing  to  about  '715; 
but  even  with  '815  for  the  coefficient,  the  difference 
between  calculation  and  experiment  is  not  much,  the 
calculation  being  then  in  excess  in  every  experiment, 
the  average  being  about  5  per  cent.,  and  not  so  much 
in  the  example  we  have  given. 

Table  VIII.  gives  the  velocity,  and  thence  the 
discharge,  immediately,  for  long  pipes,  and  Table  X. 

*  Transactions  of  the  iDstitution  of  Ciyil  Engineers,  vol.  ii.  pp. 
201,  210, 
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enables  us  to  calculate  the  cubic  feet  discharged  per 
minute,  with  great  facility.  For  rivers,  the  mean 
velocity,  and  thence  the  discharge,  is  also  found  with 
quickness.  See  also  Tables  XI.,  XII.,  and  XIII., 
and  the  Tables  at  pp.  28  and  29. 

Example  IX.  A  watercourse  is  7  feet  wide  at  the 
bottom,  the  length  of  each  sloping  side  is  6*8  feet,  the 
width  at  the  surface  is  19  feet,  the  depth  A  feet,  and  the 
inclination  of  the  surface  4  inches  in  a  mile ;  what  is 
the  quantity  flowing  down  per  minute  ? 

(18  +  7^  X  * 

Here  1; ^  ^   ^  »  =  ^  =  2-4272  feet  =  29-126 

7  +  2x6-8        »•• 

inches  =  r,  is  the  hydraulic  mean  depth ;  and  as  the 

fall  is  4  inches  per  mile,  at  the  11th  page  of  Table 

VIII.,  the  velocity  v  =  12-08  —  -16  =  11*87  inches 

per  second ;  the  discharge  in  cubic  feet  per  minute  is, 

therefore, 

60  X  ~  X  60  =  2967-5. 
If  94'17  Vrl  =  V,  then  v  =  94-17  \/ 2-^27  + 

—  =  —  =  1-17  feet  =  14-04  inches. 

6596  807 

Watt,  in  a  canal  of  the  fall  and  dimensions  here  given, 
found  the  mean  velocity  about  13J^  inches  per  second. 
This  corresponds  to  a  fall  of  5  inches  in  the  mile, 
according  to  the  formula.  Du  Buat's  formula  is  less 
by  12^  per  cent,  or  Jth;  the  common  formula  too 
much  by  6  per  cent 

In  one  of  the  original  experiments  with  which  the 
formula  was  tested  on  the  canal  of  Jard,  the  measure- 
ments accorded  very  nearly  with  those  in  this  example, 

p  2 


15840 
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viz.  —  =  15860,  and  r  =  29*1  French  inches;    the 
s 

observed  velocity  at  the  surface  was  16'74,  and  the 

calculated   mean  velocity,   from   the   formula,   11'61 

French  inches.*     Table  VII.  will  give  12'29  inches 

for  the  mean  velocity,  corresponding  to  a  superficial 

velocity  of  15'74  inches.     This  shows  that  the  formula 

also  gives  too  small  a  value  for  v  in  this  case,  by  about 

-j'^th  of  the  result,  it  being  about  —  part  in  the  other. 

The  probable  error  in  the  formula  applied  to  straight 
clear  rivers  of  about  2  feet  6  inches  hydraulic  mean 
depth  is  nearly  -y^th  or  8  per  cent,  of  the  tabulated 
velocity,  and  this  must  be  added  for  the  more  correct 
result ;  the  watercourse  being  supposed  straight  and 
free  from  aquatic  plants. 

Notwithstanding  the  diflferences  above  remarked 
on,  the  results  of  this  formula,  as  calculated  and 
tabulated,  may  be  pretty  safely  relied  on  when  applied 
to  general  practical  purposes.  Many  of  the  others 
which  we  shall  proceed  to  lay  before  our  readers  are 
more  partial  in  their  application.  Rivers  or  water- 
courses are  seldom  straight  or  clear  from  weeds,  and 
even  if  the  sections,  during  any  improvements,  be 
made  uniform,  they  will  seldom  continue  so,  as  "  the 
regimen y''  or  adaptation  of  the  velocity  to  the  tenacity 
of  the  banks,  must  vary  with  the  soil  and  bends  of  the 
channel,  and  can  seldom  continue  permanent  for  any 
length  of  time  unless  protected.  From  these  causes  a 
loss  of  velocity  takes  place,  difficult,  if  not  impossible, 

*  These  measures  reduced  to  inches,  give  r  =  81*014,  v  —  12*374  ; 
and  the  surface  velocity  16*775  inches;  reduced  for  mean  velocity 
13-101  inches. 
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to  estimate  accnratelyy  but  which  may  be  taken  at 
from  10  to  100  per  cent  of  that  in  the  clear  unob- 
structed direct  channel ;  but  be  this  as  it  may,  it  is 
safer  to  calculate  the  drainage  or  mechanical  results 
obtainable  from  a  given  fall  and  river  channel,  from 
formulae  which  give  lesser,  than  from  those  which  give 
larger  velocities.  This  is  a  principle  engineers  cannot 
too  much  observe. 

It  was  before  remarked,  that  for  both  pipes  and 
rivers  the  coefficient  of  resistance  increases  as  the 
velocity  decreases.     This  is  as  much  as  to  say,  in  the 

simple  formula  for  the  velocity,  v  =  m  V  r  s,  that  m 
must  increase  with  v,  and  as  some  function  of  it. 
This  is  the  case  in  Table  YUI.,  throughout  which  the 

velocities  increase  faster  than  VT^  the  V  s,  or  the 

V  r  s.  In  all  formulsB  made  use  of  by  engineers,  but 
the  author's,  Weisbach's,   Du  Buat's   and  Young's, 

the  velocity  found  is  constant  when  s/rsorrxsis 
constant.    In  Du  Buat's  formula  for  r  X  8  constant, 

V  obtains  maximum  values  between  r  =  I  inch  and 
r  =  1  inch ;  the  differences  of  the  velocities  for 
different  values  of  r  above  1  inch,  r  X  s  being 
constant,  are  not  much.  The  maximum  value,  or 
nearly  so,  may  always  be  found  by  assuming  r  =  f  inch, 
and  finding  the  corresponding  inclination  from  the 

4  T*  it 

formula  — -—  ,  which  is  equal  to  it.     For  example,  if 

r  =  12  inches,  and  s  =  j— ,  the  velocity  is  found 
equal  9*52  inches;  but  when  r  s  is  constant,  the 
inclination  s  corresponding  to  r  =  f  inch  is 

8  X  10600 

=  ZL.  9  froDi  which,  is  found  from  the  table,  v  =  10*26 

060 
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inches,  for  the  maximum  velocity,  making  a  difference 
of  fully  7  per  cent. 

When  r  =  '01  of  an  inch,  or  a  pipe  is  ^th  part  of 
an  inch  in  diameter,  Du  Buat's  formula  fails,  but 
it  gives  correct  results  for  pipes  ^th  of  an  inch  in 
diameter,  and  two  of  the  experiments  from  which  it 
was  derived  were  made  with  pipes  12  inches  long  and 
only  tV^  P8.rt  of  an  inch  in  diameter. 

Table  VIII.  is  extended  so  as  to  make  it  directly 
available  for  hydraulic  mean  depths,  from  -r^ih  of  an 
inch  to  12  feet,  and  for  various  hydraulic  inclinations, 
even  up  to  vertical,  for  pipes.  The  fall  in  rivers 
seldom  exceeds  2  or  3  feet  per  mile,  or  the  velocity  6 
or  6  feet  per  second.  The  extension  of  the  Table  for 
great  inclinations,  and  consequently  great  velocities, 
was  made  for  the  purposes  of  calculation,  and  to 
include  pipes.  It  must  be  understood  throughout 
this  Table  that  the  velocities  are  those  which  continue 
unchanged  for  any  length  of  channel,  viz.,  when  the 
resistance  of  friction  is  equal  to  the  acceleration  of 
gravity,  the  moving  water  and  channel  being  then 
in  train.  Several  of  Du  Buat's  experiments  were 
made  with  small  vertical  pipes.  This  Table  is 
equally  applicable  to  pipes  and  rivers,  and  gives 
directly  either  the  hydraulic  inclination,  the  hydraulic 
mean  depth,  or  the  velocity  when  any  two  of  them 
are  known. 

The  mean  velocity  is  given  in  preference  to  the 
discharge  itself  in  Table  VIII.,  because,  while  an 
infinite  number  of  channels  having  the  same  hydraulic 
inclination  (s)  and  the  same  hydraulic  mean  depth  (r) 
must  have  the  same  velocity  (t?),  yet  the  sectional 
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areas,  and  consequently  the  discharges,  may  vary 
upwards  from  6*2832r^,  the  area  of  a  semicircular 
channel,  to  any  extent ;  and  the  operation  of  multi- 
plying the  area  by  the  mean  velocity,  to  find  the 
discharge,  is  so  very  simple  that  any  tabulation  for 
that  purpose  is  unnecessary.  Besides  this,  the  banks 
of  rivers,  unless  artificially  protected,  remain  very 
seldom  at  a  constant  slope,  and  therefore  any  Tables 
of  discharge  for  particular  side  slopes  are  only  of  use 
so  far  as  they  apply  to  hypothetical  cases.  Indeed, 
in  new  river  cuts,  the  banks,  cut  first  to  a  given  slope, 
alter  very  considerably  in  a  few  months ;  while  the 
necessary  regimen  between  the  velocity  of  the  water 
and  the  channel  is  in  the  course  of  being  established. 
The  velocity  suited  to  the  permanency  of  any  proposed 
river  channel,  though  too  often  entirely  neglected,  is 
the  very  first  element  to  be  considered. 

Coulomb  having  shown  that  the  resistance  opposed 
to  a  disc  revolving  in  water  increases  as  the  function 
av  +  h  x^  oi  the  velocity  t?,  we  may  assume  that  the 
height  due  to  the  resistance  of  friction  in  pipes  and 
rivers  is  also  of  this  form ;  and  that 

(88.)  ht=  (av  +  h  v^)   1, 

r 

and  consequently, 

(84.)    r«  =  a^;  +  6v^and^;  =  |y+^|  -^'\- 

GiBABD  first  gave  values  to  the  coefficients  a  and  h. 
He  assumed  them  equal,  and  each  equal  to  '0008104 
for  measures  in  metres,  and  thence  the  velocity  in 
canals, 
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(85.)        V  =  (3221-016  rs  +  -25)*  -  -6 ;  * 

which  reduced  for  measures  in  English  feet  becomes 

(v  =  (10567-8J-  8  +  2-67)*  -  1*64,  or 
^     '^         \v=10S  y/  rs  —  1-64,  nearly. 

The  value  of  a  =  b  =  -0003104  was  obtained  by 
means  of  twelve  experiments  by  Du  Buat  and  Chezy. 
Of  course  the  value  is  four  times  this  in  the  original, 
as  the  mean  radius  is  used  in  all  the  formulse  instead 
of  the  diameter.  This  formula  is  only  suited  for  very 
small  velocities  in  canals,  between  locks,  containing 
aquatic  plants;  it  is  inapplicable  to  rivers  and 
channels  in  which  the  velocity  exceeds  an  inch  per 
second. 

Prony  foimd  from  thirty  experiments  on  canals, 
that  a  =z  -000044450  and  b  =  -000309314,1  for  mea- 
sures in  metres,  from  which 

(87.)        V  =  (3232-96  rs  +  -00516)*  -  -0719  ; 
this  reduced  for  measures  in  English  feet  is, 

J t?  =  (10607-02  rs  +  -0556)*  -  -236;  or 
^^^•^      i  t?  =  103  \rrl  -  -24  nearly : 
the  velocities  did  not  exceed  3  feet  per  second  in  the 
experiments  from  which  this  was  derived.     See  also 
note,  p.  192. 

For  pipes,  Prony  found,  J  from  fifty-one  experiments 
made  by  Du  Buat,  Bossut,  and  Couplet,  with  pipes 
from  1  to  5  inches  in  diameter,  from  30  to  7,000  feet 
in  length,  and  one  pipe  19  inches  diameter  and  nearly 

*  See  Brewstor*8  Encyclopeedia,  Article  Hydrodynamics,  p.  259. 

t  Recherches  Physico-Math^matiqaeB  sur  la  Throne  des  Eauz 
Courantes. 

t  Recherches  Physico-Math^matiques  sur  la  Th^orie  du  Mouvement 
des  Eaux  Courantes,  1804. 
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TABLE  of  tke  fifty-one  Experimenia  referred  to  in  Equation  (89),  th& 
vctlue  of  g  in  the  sixth  being  tcJcen  at  9 '8088  metres. 

It  wHl  be  perceived  that  Prony  did  not  take  into  calculation,  in  fhtming  hia 
formula,  the  head  due  to  the  velocity  in  the  pipe  and  to  the  orifice  of  entry. 


lis 

Names  of 
Experimenters. 

Heads           ' 
measured  to  the 
lower  orifice 
in  metres. 

Diameters  of 
pipes  in  metres. ' 

1 

Length  of  the    i 
pipes  m  metres. 

1 

1 
Values  of 
gri 

in  metrea 

1 
Experimental 

values  of 
the  velocity  v    ' 

in  metres.        1 

1 

Calculated 
velocity  from 
formula  (89)  in 
metres. 

1 

DuBu&t 

•0041 

•0271 

19-95 

000814 

-0430 

•0427 

2 

Couplet 

•1511 

•1363 

2280-37 

•000404 

•0544 

•0591 

8 

Couplet 

■8068 

•is/ss 

2280-87 

•000528 

•0864 

•09-21 

4 

Du  Buftt 

•0135 

•02707 

19-95 

'000469 

•0980 

•0926 

6 

Couplet 

•4584 

•1833 

2280-87 

•000690 

•1117 

•1263 

6 

Couplet 

•6105 

•1833 

2280-37 

•000638 

•1301 

•1330 

7 

Couplet 

•6497 

•1888 

2280-87 

•000670 

•14U 

•14.S3 

8 

Couplet 

•6767 

•1338 

2280-37 

'000683 

•1441 

•1467 

9 

Du  Buftt 

•0189 

•0271 

8-75 

•001426 

•2362 

•2895 

10 

Du  Bu&t 

•1137 

•0271 

8-76 

•001138 

•2826 

•3088 

11 

Du  Buftt 

•1137 

•0271 

8-75 

-001309 

•2888 

•8088 

12 

Boesut 

•1U83 

•0271 

16-24 

•001387 

•8808 

•3359 

13 

Bossut 

•8248 

•0361 

68-47 

•001446 

•8400 

•8558 

14 

Du  Bu&t 

•1605 

•0-271 

19-95 

•001482 

•8604 

•3718 

15 

Bossiit 

•3248 

■C361 

48-75 

•001649 

•8807 

•8915 

10 

Du  Buftt 

■2106 

■0271 

19-96 

•ooma 

•4091 

•4287 

17 

Bossut 

•3248 

•0361 

88-98 

-001687 

•4366 

•4402 

18 

Du  Buftt 

•2425 

•0271 

19-95 

•001880 

•4408 

•4618 

19 

Bossut 

•3248 

-0544 

68-47 

•001672 

•4433 

•4416 

20 

Du  Buftt 

•2425 

•0271 

19  D6 

•001798 

•4600 

•4618 

21 

Bossut 

•8248 

•0644 

48-73 

•001795 

•4955 

•4860 

22 

Bossut 

■6497 

•0361 

68-47 

•001922 

•5116 

•5122 

23 

Bossut 

-8248 

•0361 

29-28 

•001918 

•6128 

•6122 

24 

Du  Buftt 

•3385 

•0271 

19-95 

•002050 

•6411 

•6450 

25 

Bossut 

■8248 

•0544 

88-98 

•001981 

•5605 

•6458 

26 

Du  Buftt 

■8709 

•0271 

19-95 

•002174 

•6676 

•6766 

27 

Bossut 

•6497 

•0861 

48-73 

•002073 

•6698 

'6684 

28 

Du  Buftt 

-8952 

0-271 

19-95 

•002223 

•6916 

•6961 

29 

Bossut 

•8248 

•0271 

26-24 

•009201 

•6082 

•6990 

80 

Bossut 

'8248 

•0861 

19-49 

•002383 

•6823 

■6327 

31 

Bossut 

•8248 

-0644 

29-23 

•002300 

•6444 

•6844 

82 

Bossut 

•6497 

•0361 

88-98 

•002267 

•0498 

•6823 

33 

Bossut 

•6497 

•0544 

68-47 

•002214 

•6696 

•6844 

34 

Bossut 

•6497 

•0544 

48-73 

•002392 

•7436 

•6972 

35 

Bossut 

'6497 

•0861 

29-23 

•002688 

•74 

•7348 

36 

Du  Buftt 

•6416 

•0271 

19-96 

•002750 

7761 

•7660 

37 

Bossut 

•8248 

■0544 

19-49 

•  -002812 

•7908 

•7823 

88 

Du  Buftt 

•1624 

■0271 

3-75 

•003620 

•7948 

•8980 

39 

Bossut 

•«497 

•0644 

88-98 

•002666 

•8363 

•7810 

40 

Bossut 

-8248 

•0861 

9-74 

•0O3287 

•8976 

•9048 

41 

BiMSUt 

•65 

•0861 

19-49 

•003161 

•9882 

•9048 

42 

Bossut 

•65 

-0544 

29-23 

•008062 

•9681 

-9071 

43 

Couplet 

3-9274 

•4873 

1169-42 

•003786 

1-0600 

10592 

44 

Bossut 

-8248 

•0544 

9-74 

-004078 

1-0915 

1-1164 

46 

Bossut 

•6497 

•0544 

19-49 

•008821 

1-1640 

11164 

AG 

Bossut 

•6497 

•0361 

9  74 

'004491 

1-8188 

1-2896 

47 

Du  Buftt 

•4873 

•0271 

8-17 

•006470 

1-5784 

1-7043 

48 

Du  Buftt 

•6671 

•0271 

8-76 

•006807 

16910 

1-6898 

49 

Bossut 

•6497 

•0544 

9-74 

•006678 

1-5946 

1-5890 

00 

Du  Buftt 

•7219 

•<.271 

817 

•007888 

1-9301 

2  0798 

51 

DuBu&t 

-9746 

•0271 

817 

•008882 

2*2994 

2-4205 

(90.)     {iZ 
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4,000  feet  long,  that  a  —  -00001738,  and  h  =  -0003483, 
from  which  values 

(89.)    V  =  (2871-09  rs  +  -0006192)*  -  '0249, 
for  measures  in  metres,  and  for  measures  in  English 
feet, 

=  (9419-75J-  s  +  -00665)*  -  '0816 ;  or 
97  V  r  8  —  -08  nearly. 
Prony  also  gives  the  following  formula  applicable  to 
pipes  and  rivers.     It  is  derived  from  j&fty-one  selected 
experiments   with  pipes,    and  thirty-one   with   open 
channels  : 

(91.)     V  =  (3041-47  rs  +  0022065)*  -  -0469734,* 
for  measures  in  metres,  which,  reduced  for  measures 
in  English  feet,  is 

(92  )  I  ^  "^  (9978-76  r  a  +  -02375)*  -  -15412  ;  or 
'^  \v=  100  nAT^  —  -15  nearly. 
Eytelwein,  following  the  method  of  investigation 
pursued  previously  by  Prony,  found  from  a  large 
number  of  experiments,  a  =  -0000242651,  and  b  = 
•000365543  in  rivers,  for  measures  in  metres ;  and, 
therefore, 

(93.)        V  =  (2735-66  r  a  +  -001102)*  -  -0332.  t 
This  reduced  for  measures  in  English  feet,  is 

*  Recherches  Physico-Math^matiques  sur  la  Theorie  des  Eauz  Cou- 
rantea.  A  reduction  of  this  formula  into  English  feet  is  given  at 
page  6|  Article  Hydrodynamics,  EncydopoediaBritannica  ;  at  page  164, 
Third  Report,  British  Association,  by  Rennie,  and  at  pages  427  and 
583,  Article  Hydrodynamics,  Brewster's  Encyclopedia.    This  reduction 

V  =a  —  0-1541  +  (-02375  +  32806-6  r  »)*  is  entirely  incorrect ;  and 
being  the  same  in  each  of  those  works,  appears  to  have  been  copied 
one  from  the  other. 

t  M^moires  de  I'Acad^mie  de  Berlin,  1814  et  1815.  See  equation 
(110). 
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'v  =  (8975-43  r  «  +   -0118868)^  -  '1089 ;    or 
(94.)  \^  =  94'^  V77  —  *11  nearly,  or 

«^  =  Vl-7/r-  -11  =  1-3  \/fr  -  -11 

when  /  is  the  fall  in  feet  per  mUe.     He  also  shows,* 

that  -f^ths  of  a  mean  proportional  between  the  fall  in 

two  English  miles  and  the  hydraulic  mean  depth,  gives 

the  mean  velocity  very  nearly.     This  rule  for  measures 

in  inches  is  equivalent  to 

(95.)  f?  =  324  VTT^ 

and  for  measures  in  feet 

(96.)  V  =  93-4  V^ 

For  the  velocity  of  water  in  pipes  he  found,  t  from 
the  fifty-one  experiments  of  Du  Buat,  Bossut,  and 
Couplet,  that  a  =  '0000223,  and  b  =  "0002803,  from 
which  for  measures  in  metres, 

(97.)         V  =  (3567-29  r  «  +  -00157)*  -  '0397 ; 
which  reduced  for  measures  in  English  feet  becomes 

(v  =  (11703-95  r  «  +  -01698)*  -  "1303;  or 

'^  |f?  =  108  Vri  -  -13  nearly. 

Another  formula  given  by  Eytelwein  for  pipes,  which 
includes  the  head  due  to  the  velocity  for  the  orifice  of 
entry,  is  reducible  to 


*  Handbuch  der  Mechanik  und  der  Hydraulik,  Berlin,  1801. 
f  Memoires  de  1' Academic  des  Sciences  de  Berlin,  1814  et  1815. 
Eytelwein's  formula  is  p  »  90*8  V  r  *  for  Prussian  feet,  and  for  pipes 

t^  =  6-42^  /-f^4.^-- 46-1  ^  /_J^;    which    he   changed 

afterwards  to  v  =  6-41  ^  y/  ,^^  f.\  =  47*9  ^  /  ,  ^'^-^  The  Prus- 
sian  foot  is  here  ef^ual  to  1*0297  £nglish  feet. 
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nearly,  in  which  h  is  the  head,  {  the  length,  and  d 
the  diameter  of  the  pipe,  aU  expressed  in  English 
feet.  This  is  a  particular  value  of  equation  (74)  suited 
to  velocities  of  about  2J^  feet  per  second.  It  must  be 
here  mentioned,  that  much  of  the  valuable  information 
presented  by  Prony  and  Eytelwein  is  but  a  modifica- 
tion of  what  Du  Buat  had  previously  given,  and  to 
whom,  only,  for  much  that  is  attributed  to  the  two 
fonner,  we  are  primarily  indebted. 

In  the  foregoing  as  well  as  in  the  following  equa- 
tions for  the  velocity,  unless  otherwise  stated,  one 
class  of  standards  has  been  maintained.  It  is  evident, 
if  these  standards  be  changed  in  part,  or  in  whole,  that 
apparently  dijBferent  forms  of  the  equations  will  arise; 
thus — if  for  «,  the  hydraulic  inclination,  we  substitute 

— —    the  fall  m  in  feet  per  mile  is  then  used  in  place 
5280'  ^  ^ 

of  llie  inclination  « ;  so  that  equation  (94),  for  instance, 

would  become 

V  =  (1-7  mr  '\-  -012)*  -  '11  =  (1-7  m  rf  -  'linearly, 
in  which  e?  is  the  velocity,  in  feet  per  second,  m  the 
fall  in  feet  per  mile,  and  r  the  "  hydraulic  mean 
depth  **  in  feet.  In  like  manner  equation  (98)  would 
become 

V  =  (2-2  m  r  -f-  "02^  —  '18  =  (2'2  m  r)«  —  'IS, 
The  first  of  these  reductions,  viz. : — 

V  =  (1-7  mr  -h  -0119)*  -  '109, 
is  given  in  a   book    of  tables  calculated  for  river 
channels  for  the   Commissioners  of  Public  Works, 
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Ireland,  the  original  equation  being  Ejtelwein's,  and 
not  D'Aubuisson  s,  who  merely  copied  it.  It  is  suited 
for  velocities  averaging  about  I'S  foot  per  second. 
Again 

Mr.  Hawksley,  by  changing  the  form  of  an  old 
result,  gives  for  pipes  the  formula 

in  which  { is  the  length  in  yards,  h  the  head  in  inches, 
d  the  diameter  in  inches,  and  v  the  velocity  in  yards 
per  second.  For  uniform  feet  measures,  for,  r ,  e2,  and 
H,  this  becomes 

which  is  only  an  alteration  in  form  of  Eytelwein's  equa- 
tion, note  to  (98).  Eytelwein's  equation  expressed  in 
the  measures  used  by  Mr.  Hawksley  would  be  very 
nearly 

which  is  the  simpler  of  the  two ;  both,  however,  are 
but  particular  cases  of  the  general  equation  (74), 
and  only  suited  for  velocities  of  about  2^  feet  per 
second. 

Dr.  Thomas  Young*  also  derives  his  formula  from 
the  supposition,  that  the  head  due  to  the  resistance  of 
friction  assumes  the  form  of  equation  (83) ;  calling  the 
diameter  of  a  pipe  d!,  he  takes 

A,  z=  (a  f?  +  b  t-*)  —, 

a 

*  Philosophical  Transactions  for  1808.  Young  also  translated  Eytel- 
wein's Handbuch. 


tv  =  -8J 
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and  the  whole  height  h  =  ft,  +  -u^>  expressed   in 

586 

inches,  which  corresponds  with  a  coefficient  of  '871, 

nearly,  for  the  orifice  of  entry.     He  found  from  some 

experiments  of  his  own,  those  collected  by  Du  Bu&t, 

and  some  of  Gerstner's,  that 

(100.)    .  =  -0000002  {  ^^. 

and 

aO.,.=  .«»<«l{«S.^-^3-^}; 

then  as  — =  •00171,  the  value  of  the  velocity  becomes 

580 

H(2 


^^^•^  ''={ni^ 


00171 d 

al 


( ^ Vli_ 

\2bl  +  -00341  d/  J       : 


2bl  +  -00S41d 
When  the  length  I  of  the  pipe  is  very  great  com- 
pared with  the  head  due  to  the  orifice  of  entrance  and 
velocity,  "00171  »*,  then 

or  by  substituting  for  —  its  value  8,  equal  the  sine  of 
the  inclination, 

The  values  of  a  and  b  are  for  measures  in  inches. 
For  most  rivers  he  finds  for  French  inch  measures, 

V  =  \/  20000  d  8,  in  which  d  must  be  taken  equal  4:r; 
this  reduced  for  English  inches  is 
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(105:)  !?  =  292V^«; 

which  again  reduced  for  feet  measures,  becomes 

(106.)  V  =  84-3  VTT; 

These  latter  values,  for  rivers,  are  even  smaller  than 
those  found  from  Du  Bu&t's  formula;  less  than  the 
observed  velocities,  and  less  than  those  found  from  any 
other  formula,  with  the  exception  of  Girard's.  The 
values  of  the  coefficients  a  and  b  vary  in  this  formula 
with  the  value  of  d  =  4  r ;  they  are  expressed  generally 
in  equations  (101)  and  (102),  from  which  the  preceding 
table  for  different  values  of  d  and  r  has  been  calculated. 
An  examination  of  this  table  will  show  that  a 
obtains  a  minimum  value  when  d  is  between  10  and 
11  inches ;  and  b  when  the  diameter  is  between  ^  and 
J  of  an  inch.     Now,  it  appears  fi'om  equation  (102), 

that  t?  increases  with     / ^d  nearly,   or,  which  is  the 

V    bl 

same  thing,  as  b  decreases,  there  must,  cceteris  paribuSf 
be  a  maximum  value  of  v  for  a  given  value  of  — - 

V 

or  r  «,  when  d  is  between  J  and  J  inch ;  but  as  -  ^ 

2b 

has  a  minimum  value   when  d  is  nearly   12  inches, 

the  maximum  value  of  v  referred  to   will  be  found 

between  values  of  d  from  J  inch  to  12  inches  ;  in 

fact,     when    d   =   10    inches    nearly.      A    similar 

peculiarity  has    already   been    pointed    out    in    Du 

Bu&t's  general  theorem,  at  page  213.     It  will  not  be 

necessai'y  to  take  out  the  values  of  — -  and  —    to  more 

2  6  4  fc* 

than  one  place  of  decimals. 
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The  values  of  ^r-=-  are  also  given  in  the  table,  and 

may  be  used  in  equation  (104)  for  finding  the  discharge 
from  long  pipes.  It  is,  however,  necessary  to  remark, 
that  this  equation  is  sometimes  misapplied  in  finding 
the  velocity  from  short  pipes,  and  those  of  moderate 
lengths.  It  is  necessary  to  use  equation  (102),  which 
takes  into  consideration  the  head  due  to  the  velocity 
and  orifice  of  entry  for  such  pipes. 

For  a  pipe  11  inches  in  diameter,  the  expression  for 
the  velocity,  equation  (104),  becomes  for  inch  measures, 


•={. 


id       .  ■...^\i_  J.; 


+  1-49^   -  1-22: 


"000034  ^         j 
and  for  feet  measures,  also  substituting  4  r  for  d, 

^'"^'-^    ^  =  {.0ra2}*--^  =  ^^<'-'>*--^ 
very  nearly.     For  a  pipe  '7  inch  in  diameter  would  be 
found  in  a  like  manner  for  feet  measures, 

(106b.)  V  =  118  (r  «)*  -  -5, 

which  is  only  suitable  for  very  high  velocities. 

Sir  John  Leslie  states,*  that  the  mean  velocity  of 
a  river  in  miles  per  hour,  is  -H-ths  of  the  mean  propor- 
tional between  the  hydraulic  mean  depth  and  the  fall 
in  two  miles  in  feet.  This  rule  is  equivalent,  for 
measures  in  feet,  to 

(107.)  V  =  100  vm- 

and  is  applicable  to  rivers  with  velocities  of  about  2^ 
feet  per  second, 

D'AxTBUissoN,  from  an  examination  of  the  results 
obtained  by  Prony  and  £}rtelwein,  assumes  t  for  mea- 

*  Kataral  Philosophy,  p.  428, 
t  Traits  d'Hydiaoliqae,  p.  224, 
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sui-es  in  metres  that  a  =  -0000189,  and  6  =  '0008426 
for  pipes,  substituting  these  in  equation  (84)  and 
resolving  the  quadratic 

(108.)    V  =  (2919-71  rs  +  -00074)*  -  -027 ; 

which  reduced  for  measures  in  English  feet  becomes 

nno  ^    i^  =  (9579  rs  +  -00813)*  -  '0902,  or 
^^"^•^     1  f?  =  98  Vy^  - -1  nearly. 
For  rivers  he  assumes  with  Eytelwein,*  a  =  -000024123 
and  6  =  -0003655,  for  measures  in  metres,  and  hence 

(110.)      t?  =  (2735-98  r  a  +  -0011)*  -  -033 ; 
which  for  measures  in  English  feet  is 

(111 )      I  ^^  ~  (8976-6  r  s  +  -012)*  -  -109,  or 

\v  =  94-5  VT«  —  -11  nearly. 
When  the  velocity  exceeds  two  feet  per  second,  he  as- 
sumes, from  the  experiments  of  Couplet,  a  =  0,  and 
b  =  -00035875 ;  these  values  give 

(112.)  t?  =  V  2787-46  r  «, 

for  measures  in  metres,  and 

(113.)  V  =  95-6  VTi  =  V  914577 

for  measures  in  English  feet.  Equations  (110)  and 
(111)  are  the  same  as  (93)  and  (94),  found  from  Eytel- 
wein's  values  of  a  aud  b,  and  it  may  be  remarked  that 
D'Aubuisson's  equations  for  the  velocity  generally,  are 
simply  those  of  Prony  and  Eytelwein. 

The  values  which  are  foimd  to  agree  best  with  the 
general  nm  of  experiments  on  clear  straight  rivers  of 
uniform  section  are  a  =  '0000036,  and  6  =  -0001150 
for  measures  in  English  feet,  from  which  we  find 

....  V      (v=  (8695-6  rs  =  -00023)*  -  '0152,  or 
^^^^•^     tf^  =  93\/77--02, 

♦  Trait6  d'Hydnwliqtie,  p.  183.    See  Equation  (93). 
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which  for  an  average  velocity  of  1^^  foot  per  second  will 
give  V  =  92*3  V  r  8  nearly,  and  for  larger  velocities 
V  =  98'8  y/  r  8;  for  smaller  velocities  than  1^  foot  per 
second,  the  coefficients  of  V  r  «  decrease  pretty  rapidly. 
This  formula  will  he  found  to  agree  more  accurately 
with  observation  and  experiment  than  any  other  of  this 
form.* 

Weisbach  is  perhaps  the  only  writer  who  has  modi- 
fied the  form  of  the  equation  r  8  =  a  v  +  b  t^.  In 
Dr.  Yoimg's  formula,  a  and  b  vary  with  r,  but  Weisbach 

assumes  that  hf  =  la+'^]-X  =-—,  and   finds    fi:om 

V        ra/  a       2  g 

the  fifty-one  experiments  of  Couplet,  Bossut,  and  Du 

Buat,  before  referred  to,  one  experiment  by  Guemard, 

and  eleven  by  himself,  all  with  pipes  varying  from  an 

inch  to  five  and  a  half  inches  in  diameter,  and  with 

velocities  varying  from  1^  inch  to  15  feet  per  second, 

that  a  =  -01489,  and  6  =  -0094711  for  measures  in 

metres ;  hence  for  the  metrical  standard 


^9 


(115.)         ht  =  (-01439  +  'OOpiniX  I  ^ 

This  reduced  for  the  mean  radius  r  is 

(116.)  h,  =  (-008597  +  *«^23678^  i  x 


Jr''  2~g' 


*  In  a  stream  (the  Mnddock),  with  a  cnrved  channel,  jagged  and 
irregular  banks,  variable  depths  averaging  abont  1  foot,  aquatic  plants 
growing  on  the  bed,  varying  Telocity,  and  an  average  cross  section  of 
abont  16*50  feet,  the  flow  was  only  18  cnbic  feet  per  second,  the  for- 
mnla  giving  85  cnbic  feet.  In  snch  cases  the  application  of  a  formnla 
investigated  for  a  nniform  channel  and  a  uniform  slope  is  inadmissible  ; 
yet  we  have  heard  evidence  in  the  Four  Courts,  Dublin,  founded  on 
such  mistaken  applications.    See  note,  p.  192. 

Q  2 
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from  which  for  measures  in  English  feet 

(1170.  K  =  (-008597  +  '^^)  I  X  f^, 

and  thence 

(118.)  r  .  =  (-003597  +  '.^^^)  ^  ; 

and  by. substituting  for  2  g^  its  value  64*408, 
(119.)  r  s  =  (-00006585  +  -00006669^^ 

In  equation  (117),  (-008697  +  ',99^^\  =  c^  is  the 

coefficient  of  the  head  due  to  friction.  The  equation 
does  not  admit  of  a  direct  solution,  but  the  coefficient 
should  be  first  determined  for  different  values  of  the 
velocity  v  and  tabulated,  after  which  the  true  value  of 
V  can  be  determined  by  finding  an  approximate  value, 
and  thence  taldng  out  the  corresponding  coefficient 
from  the  table,  which  does  not  vary  to  any  considerable 
extent  for  small  changes  of  velocity.  In  the  following 
small  table  the  author  has  calculated  the  coefficients  of 
friction,  and  also  those  of  t?,  in  equation  (119),  for 
different  values  of  the  velocity  v. 
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TABLE  OP  THE  COEFFICIENTS  OF  FRICTION  IN  JPIPE8. 


Velocity 
Infoet 

«f 

644 

644 

Velocity 
1     In  feet. 

«f 

644 

64  4 

•1 

•017169 

•0002664 

8078  07 

55-5 

1  2-4 

•006365 

•0000988 

101216 

100-5 

•« 

*01S18« 

•0002047 

4885  2 

60-9 

2*5 

•006309 

•0000979 

10214-5 

101-0 

•3 

•011427 

•oooin4 

6636-9 

76-08 

,  26 

•006257 

-0000972 

10288-1 

1014 

•4 

■010378 

•0001611 

6270  3 

78-8 

'  2-7 

•006207 

-0000964 

10373  4 

1018 

•5 

•009M2 

•0001500 

6666-6 

81-6 

2  8 

•006160 

•0000956 

10460-2 

102  2 

•« 

-00913S 

•0001418 

7052-2 

84*0 

2-9 

•006115 

•0000949 

10537-4 

102  6 

•7 

•008728 

•0001S54 

7385-5 

85-9 

3^ 

•006073 

•0000943 

10604*4 

102-9 

•8 

•008S91 

■0001808 

7674-6 

87  6 

8^5 

•005800 

•0000914 

10940-9 

104-6 

■» 

•008117 

•0001260 

7936-5 

89  1 

4^ 

•005741 

■0000891 

11223-3 

106  9 

1-0 

•007880 

•0001224 

8169-2 

90-4 

6- 

•005514 

•0000856 

11682-2 

108  0 

11 

•007886 

•0001193 

8882^2 

91-5 

6- 

•005348 

•0000830 

12048-2 

109  7 

1-2 

•007512 

•0001166 

8676  8 

92  6 

7- 

-005218 

•0000810 

12345  6 

111-1 

1-25 

•0074S8 

•0001154 

86655 

981 

8^ 

•005113 

-0000794 

12632-2 

112-4 

1-3 

■007358 

-0001142 

8766-5 

93-5 

9^ 

•005U26 

•0000780 

12820-5 

113  8 

1-4 

•007221 

•0001121 

8920  6 

94  4 

10  • 

•004953 

•0000769 

13003-9 

114  0 

1-5 

•007098 

•0001102 

9074  4 

95  2 

\b- 

•004704 

•0000730 

13698-6 

117  0 

lU 

•006087 

•0001085 

9216-5 

96  0 

16- 

•004669 

•0000725 

13793  1 

117-4 

17 

•006886 

-0001060 

9S54^.') 

96-7 

20- 

-004556 

•0000707 

14144^2 

118-9 

1-75 

-006839 

-0001062 

9416-2 

97-03 

25^ 

•004455 

•0000691 

14471-7 

120  3 

18 

■006794 

•0001054 

9487-6 

97-4 

1  80- 

-004380 

-0000680 

14705-9 

121^2 

1-9 

•006716 

•0001048 

9696-9 

97^9 

36^ 

•004322 

•0000671 

14903  1 

122-0 

2- 

•006620 

•0001029 

9718  2 

98-5 

40- 

•004275 

•0000664 

15060-2 

122  7 

2-1 

•006556 

•0001018 

9623  ^2 

99  1 

1  *5" 

004236 

•0000658 

15197-5 

1283 

,2-2 

■006488 

•0001007 

9030-5 

99-6 

'  50^ 

•004203 

•0000653 

15313-8 

128^7 

2-3 

1 

•006424 

•0000997 

lOOOS^   100- 

100^ 

•004200 

•0000625 

10000  •o 

126  4 

If  the  value  of 


64-4 


here  found,  be  substituted  in  the 


y64*4 
r  8,  we  shall  have  the  value  of 

r.  According  to  this  table  the  coefficient  of  friction 
for  a  velocity  of  six  inches  is  more  than  twice  that  for 
a  velocity  of  twenty  feet,  and  the  velocity  is  less  in  the 

proportion  of  81*6  to  118-9,  or  of  81-6  (r  a)*  to  IIS'O 

(r  sy.  On  comparing  these  coefficients  and  those  for 
pipes  in  the  preceding  formulae,  with  those  for  rivers 
of  the  same  hydraulic  depth,  it  will  be  perceived  that 
the  loss  from  friction  is  greatest  in  the  latter,  as  might 
have  been  anticipated ;  but  this  evidently  arises  from 
lesser  velocities. 
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It  has  been  remarked  that  the  coefficient  of  friction 
decreases  as  the  velocity  increases.  The  only  general 
formula  which  properly  meets  this  defect  in  the  com- 
mon formulae  is  Weisbach*s,  but  it  does  not  give  the 
velocity  v  directly,  as  this  quantity  is  involved  in  both 
sides  of  his  equation.  As  for  several  hydraulic  works 
it  is  necessary  to  convey  water  through  pipes  to  work 
machines  under  high  heads,  and  for  which  the  common 
formula  would  give  results  considerably  under  the  true 
ones,  it  appeared  to  the  author  desirable  to  obtain  some 
simple  expression  for  the  velocity  which  might  be  easily 
remembered  and  applied,  which  would  be  equally  cor- 
rect with  other  formulae  for  medium  velocities  of  from 
one  to  two  and  a  half  feet,  and  which  at  the  same  time 
would  give  practically  correct  results  for  lesser  and 
greater  velocities  within  the  limits  of  experiment.  By 
reducing  the  velocity  found  from  experiment  to  the 

form  «?  =  m  n/  r  8  for  every  case,  and  afterwards  ap- 
plying a  correction  of  the  form  n  \/  r  s  to  meet  the 
increasing  value  of  m  as  t?  increased,  the  following  ex- 
pression was  discovered : — 

(119a)  V  =  140  (rs)*  -  11  (r«)* 

which  gives  results  not  dififering  more  from  experiments 
than  these  frequently  do  from  each  other.  The  follow- 
ing table  exhibits  the  velocities  compared  with  those 
obtained  from  the  experiments  made  by  Du  Buat, 
Couplet,  Watt,  Mr.  Provis,  and  Mr.  Leslie,  in  the 
Minutes  of  the  Institution  of  Civil  Engineers  for  Feb- 
ruary 1855.  The  last  experiment  was  furnished  by 
Mr.  Hodson  of  Lincoln.  Numbers  84  and  85  were 
made  as  stated,  and  give  the  mean  results  of  several 
experiments  made  with  great  care ;   the  coefficient  of 
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TABLE  shomng  the  Experimental  Results  of  observed  VelocUies  in  Water 
C/iannels,  with  the  Author's  general  formula  for  Pipes  and  Rivers  (119a)  viz. 

tF=140(r8)^-ll(r8)*.* 


■A 

Heads 

in 

reet(H). 

Lengrths 
in  feet  ({>. 

Values 
of  r. 

Values 
ofs. 

Values 
ofrs. 

Velooitiefl 
from 
experiment. 

Velocities 
from  the 
formula. 

ifl^ 

Experimen- 
ters Names. 

~1 

t)83S8 

1086- 

'052088 

•000076 

■00000396 

•100 

-105 

62^6V'»-« 

Mr.  Leslie 

2-       -01332 

65-87 

-022204 

•000196 

•00000434 

•140 

•113 

540    ,. 

Couplet 
Mr.  Leslie 

3;       14583 

1086- 

•0520S3 

-000133 

•00000693 

•118 

•157 

OO^O    „ 

4        -49586 

7482- 

•111000 

000066 

•00000134 

•178 

•167 

615    „ 

Couplet 
Mr.LesUe 

5      -aoRss 

1086- 

■052083 

•000190 

•00000989 

•217 

♦206 

650    „ 

6;       -45833; 

1086- 

•052083 

•000417 

-00002170 

•861 

•345 

74-1     ,. 

•> 

71     118768 

7482- 

-111000 

•000198 

-00002220 

-366 

•348 

741    „ 

Couplet 
Mr.LesUe 

;  H      1-44800 

1086- 

-0520S3 

D01321 

•0000688 

•715 

•711 

85-7    „ 

1  l«,     2-r8l25l 

1086- 

-052083 

-002538 

•0001322 

1085 

1-050 

91-3    „ 

«i 

!*•         .. 

tf 

2-427200 

000063 

-0001532 

1-166 

1143 

»2-4    „ 

Watt 

11;       -WOOO 

100- 

-031250 

•004741 

-0001482 

1023 

1122 

92-2    „ 

Mr.  Provis 

12     2:8125 

1086- 

•052083 

004348 

■0002265 

1-461 

1-438 

956    „ 

Mr.LesUe 

l:i     4*76042 

1086- 

-052083 

-006410 

•0003340 

1-726 

1-796 

98-3    „ 

>• 

U      1  06580 

127-9 

D44630 

•007748 

•0003458 

1-889 

1-840 

98-9    „ 

Bossut 

ir.      -WOOO 

40- 

•031250 

•010810 

•0003378 

1-711 

1-816 

987    „ 

Mr.  Provis 

10     1W5S0' 

95-92 

044630 

•0100501-0004485 

2111 

2  124 

1003    .. 

Bossut 

17      If 

100- 

-031260 

•014156'  0004422 

2005 

2 103  100-5    .,     • 

Mr.  Provis 

llSl     9d896 

1086- 

■052083 

•009174  0004779 

2095 

2185 

100  6    „ 

Mr.LesUe 

lll».      -ttTS 

40- 

•031250 

^018042  0005638 

2-380 

2414 

101-7    ., 

Mr.  Provis 

'•20      21816 

191-9 

■044630 

•010548  0004708 

2-463 

2  183 '100  6    .. 

Bossut 

'21,     2  1316 

159-9 

-044680 

•012524  -0005589 

2-440 

2^404 

101-7    ,^ 

ti 

.•J2 

f$ 

tf 

-052083 

-014286-0007440 

2  800 

2^823 

1035    „ 

Mr.LesUe 

1*23 

2-1316 

127-9 

•044630 

-0153501  -0006851 

2  744 

2-696 

103-0    „ 

Bossut 

|-24 

tt 

-044630 

•027921! -0012465 

3-819 

3^760 

106-5    „ 

Mr.  ixisUe 

•jr>l      :. 

n 

•052083 

•0-25000  0013021 

3-783 

8-8521106-7    '„ 

'M'     357416 

40- 

-031250 

•018040  -00-2093 

5054 

5-006 

109-3    „ 

'Mr.  Provis 

'-'7      2 -8684 

10-39155 

•02-2204 

■133689  0029679 

6  3-22 

6-048 

111-0    „ 

iDuBuftt 

•JSi     8-i7416 

20- 

•031250 

•111200  0034750 

6-723 

6-572 

111-5    ,. 

Mr.  Provis 

■JH;     3'^525 

20- 

•031250 

-113900 

-0035594 

7-086 

6-668 

111-9    ,. 

t> 

:'.0!    7-:35 

62-8822 

•029605 

-098861 

•0029268 

6157 

5-999 

110-9    ,. 

Couplet 

81    14-270 

1257644 

•021HJ0J 

•106151-0031426 

6151 

6-239 

111-8    „ 

t* 

32    21405 

188-G466 

-0-2«H}05 

•1085791-00321455 

6  145 

6-316 

111-4    „ 

>> 

:Jil    31974 

10-39155 

-02*2204 

•1769911  0089292 

7-544 

7039 

112-3    „ 

DuBuAt 

.34    11125 

9-292 

•021250 

•713000  -01516126 

14-583 

14513 ,117-9    :, 

Mr.  Neville 

3.-.    20« 

19-2 

•02l2o0 

•814000  01729750 

15667 

15617 

118-4    ., 

(• 

36 

150- 

100- 

•0-20833 

1-400000  0291667 

1 

217 

206 

l-20-3Vr* 

Mr.  Hodson 

*  The  form  in  which  thiB  formula  was  first  found  was  as  follows  : — 

r  =  J 140  —  /•.,\*  (    ^  y/  r  s.    For  measures  in  metres  it  becomes 
77-3  (rff)*  — 4-9  (r*>*. 
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the  orifice  of  entry  was  found  to  be  'SCO.*  The  mea- 
sures have  been  all  reduced  to  English  feet.  The 
results  found  by  the  same  experimenters,  at  the  same 
time,  mth  the  same  apparatus,  sometimes  differ  by 
thre;  or  four  per  cent..  L  may  be  seen  by  referring  to 
Mr.  Provis'  experimente  (Transactions  of  the  Institn- 
tion  of  Civil  Engineers,  vol.  ii.,  p.  208),  and  the  differ- 
ence in  the  experiments  shown  in  the  table  are  apparent. 
The  difference  in  the  velocities  found  from  the  experi- 
ments, do  not  exceed  those  inseparable  from  practical 
investigations,  and  they  differ  as  much  in  themselves 
as  from  the  formula,  which  for  cylindrical  pipes  of 
diameter  d  may  be  thus  expressed, 

(119b  )         f  ^^  =  70  (d  0*  -  6-93  (d  «)*,  or 
1 1?  ==  70  (d«)*  -  7  (i«)*  nearly. 
The  expression  fails  when  70  {d  «)*  is  equal  to  or 
less  than  6*93  (d  s)  %  but  as  this  only  happens  when 

r «  =  {tt^  =  -000000235,  and  for  velocities  below  one 

inch  per  second,  its  practical  value  is  not  thereby  af- 
fected. The  expression  of  Du  Buat  fails  with  a  tube 
of  one  twenty-fifth  part  of  an  inch  in  diameter,  no 
matter  what  the  head  may  be,  as  it  then  makes  the 
velocity  equal  to  nothing,  although  some  of  the  expen- 
ments  from  which  it  was  derived  were  made  with  tubes 
but  the  eighteenth  part  of  an  inch  diameter.  The  fol- 
lowing expression  is  free  from  this  defect : 

(119  c.)  t?  =  60  (r  «)*  +  120  (r  s)*, 

*  The  coefficient  for  the  orifice  of  entry  was  found  by  cutting  off  the 
pipe  at  two  diameters  from  the  cistern  at  the  conclusion  of  the  experi- 
ments, and  finding  the  time  of  emptying.     Vide  p.  172. 
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and  will  give  results  approximating  very  closely  to 
those  found  from  Du  Bu&t's  formula,  and,  therefore, 
with  those  experiments  with  which  it  most  nearly 
coincides,  but  agreeing  much  more  closely  with  Watt's 
and  other  experiments,  on  rivers.  It  gives  higher 
results  than  the  previous  formula  for  velocities  below 
six  inches,  but  the  results  found  by  different  experi- 
menters differ  very  much  in  those.  For  higher  velo- 
cities it  appears  to  differ  occasionally  only  about  one- 
twentieth  from  observation,  being  in  general  less,  as 
far  as  twenty  feet  per  second,  where  it  coincides  very 
closely  with  Mr.  Hodson's  experiment.  As  the  errors 
appear  to  be  of  an  opposite  kind  generally,  in  the  two 
last  expressions,  combining  them  is  found 

(119  D.)  t?  =  100  (r«)*  +  60  (r«)*  -  6-5  (r«)*, 
an  expression  which,  however,  wants  simplicity  for 
ready  practical  application.  When  the  length  of  the 
pipe  does  not  exceed  from  1000  to  2000  diameters,  a 
correction  is  due  to  the  velocity  in  it,  and  to  the  orifice 
of  entry  before  finding  the  ''  hydraulic  inclination  "  («). 
The  coefficient  used  in  reducing  the  foregoing  experi- 
ments for  the  orifice  of  entry  was  '815,  which  gives 
•I 

1"508     —  for  the  height  due  to  the  joint  effects  of 

•f 
velocity  and  orifice.     This  must  be  deducted  from  the 

head  (h)  before  dividing  it  by  the  length  [I)  to  find  the 

inclination  (s)  in  our  table. 

The  following  table,  calculated  from  the  formula 

(119a),  V  =  140  (r«)*  —  11  (r«)%  gives  the  corres- 
ponding values  of  r  6  and  v,  so  that  when  one  is  known 
the  other  is  immediately  found  from  inspection.  Thus, 
if  r  «  =  '08125,  then  we  shall  have 
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TABLE  for  finding  the  Velocity  in  feet  per  second,  from  the  product  of 
the  hydraulic  mean  depths  and  hydraulic  inclinaiionSf  and  the  reverse 

calculated  from  the  Author*  s  formula  i;  =  140  (r  «)*  —  11  (r»)*,  in 
which  r,  s,  and  v  are  feet  mecuures. 


Values  of 

Velo- 

Values of 

Velo- 

Values of 

Velo- 

Values of 

Velo- 

r«. 

city  r. 

r«. 

city*. 

r*. 

city  V. 

r«. 

city  V. 

•00000296 

•083 

■0001302 

104 

•000689 

2-70 

•003559 

6-67 

■00000832 

-091 

•0001322 

106 

•000710 

2-75 

•008599 

671 

•00000396 

•104 

-0001420 

1-09 

•000744 
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•003680 

6-74 

•00000427 

•111 

•0001482 

1-12 

'000768 

2-85 

•003788 

6-90 

•00000548 

•133 

•0001682 

114 

•000789 

2-91 

•003929 

7-04 

-00000592 

•142 

0001578 

116 

•000805 

2-94 

•003946 

705 

■00000690 

•158 

•0001610 

1-17 

"000833 

3-00 

•003977 

7  08 

•00000784 

•167 

•0001667 

1-19 

-000852 

8-04 

•004104 

7-20 

•00000947 

•198 

•0001736 

1-Sl 

•000900 

3-13 

•004167 

7-27 

00000989 

■206 

•0001776 

1-24 

-000947 

3-22 

-004356 

7-44 

•00001184 

•231 

•0001815 

1-26 

-001042 

3*40 

•004546 

7-62 

•00001268 

•241 

-0001894 

180 

•001105 

3-51 

•004630 

7-69 

•00001420 

•261 

•0002052 

1'35 

•001186 

3'67 

•004785 

778 

•00001578 

•280 

•0002131 

1'38 

-001231 

8-73 

-005556 

8-49 

•00001677 

•292 

•0002265 

143 

•001246 

876 

•006944 

9-61 

•00001894 

•816 

•0002367 

1-47 

•001263 

8-78 

•007576 

10-0 

•00001973 

•825 

'0002662 

1'60 

•001302 

8-85 

•008333 

10-6 

•00002170 

-345 

*0002604 

1'65 

•001326 

3-89 

•009259 

111 

•00002367 

•865 

•0002652 

1-57 

-001420 

404 

010417 

11-8 

■00002565 

•385 

•0002778 

1-61 

-001616 

418 

•011905 

127 

•00002841 

•411 

•0002841 

1'68 

•001576 

4-28 

018889 

18'8 

•00008255 

•448 

■0008030 

1-69 

•001610 

4  32 

•015151 

14-6 

•00003854 

•457 

•0003157 

1-73 

•001667 

441 

•016667 

15-S 

•00008551 

■478 

•0008220 

1'75 

•001706 

446 

•017297 

15-6 

■00008748 

•489 

•0008314 

1'79 

•001736 

4-5] 

•020833 

17  1 

•00008946 

•505 

•0003878 

1-80 

-001799 

4-60 

•027778 

20 '2 

•00004143 

•521 

'0008409 

1-81 

•001894 

4-73 

•029167 

20-6 

•00004840 

•536 

•0003651 

1-85 

•001989 

4'87 

•041666 

►  247 

•0000468-2 

•558 

•0008680 

1-89 

-002062 

4'94 

■055556 

28-8 

•00005180 

•594 

•0008706 

1-90 

•002083 

4^98    ; 

•062500 

80^6 

•00006327 

•608 

•0003788 

1*92 

•002093 

6  00 

•072916 

83-2 

•00005524 

•622 

•0008946 

1*98 

•002178 

6-10 

•083333 

35-6 

•00005919 

-648 

•0004022 

110 

•002210 

6-14 

•104167 

40  0 

•00006314 

•674 

•0004103 

2  02 

•002278 

5-22 

-126 

43-9 

•00006708 

'699 

•0004261 

2  00 

■002876 

5-36 

-145583 

47-6 

•0000688 

•711 

•0004419 

210 

•002462 

6-46 

•166667 

511 

•00007102 

•724 

•0004485 

212 

•00*2583 

6-53 

•208333 

67-8 

•00007694 

•760 

•0004546. 

2-14 

•002662 

6-68    1 

-229167 

60-2 

•00008040 

•781 

•0004708 

218 

•002688 

6-72    i 

•250000 

63-0 

-00008523 

•808 

•0004735 

2-18 

•002841 

6-90     ' 

•2708S3 

657 

•00008681 

-8-28 

•0004893 

2-23 

•002968 

6-05 

•312500 

707 

•00000270 

•849 

•0005051 

2-27 

•002999 

6  08 

•333838 

73-2 

•00009470 

-861 

■0005208 

2-81 

•003080 

611 

-864167 

75-5 

•00010259 

-903 

•0006308 

2  33 

•003143 

6-23 

•376000 

777 

•00010654 

•928 

•0005688 

2-41 

•003167 

6-25 

•396838 

80-0 

-00011048 

•945 

•0006061 

2'52 

•003214 

6-81 

-416667 

821 

•00011364 

•960- 

•0000166 

2'64 

•003220 

6-82 

•437600 

84:2 

•00011887 

-983 

•0C06318 

2-67 

■003314 

6-42 

•468338 

86^2 

•00012232 

100 

•0006440 

2-60 

•OOS400 

6-51 

•479166 

88^3 

-00012627 

102 

•0006629 

2-04 

•008476 

6-58 

•500000 

90-2 
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V  =  20-6      when      ra  —  '029167 

V  =  24-7      when      r  s  =  -041666 


Difference    4*1  corresponds  to  '012499 

•03125 
•02917 


Difference  -00208 
Whence  ^0125  :  4-1  :  :  -00208  :  '7  nearly,  and  20*6 
+  7  =  21'8  is  the  velocity  sought ;  the  same  practi- 
cally as  found  in  Example  26,  p.  24.  If  allowance  is 
to  be  made  for  the  head  due  to  the  orifice  of  entry  and 
velocity,  this  head  can  be  determined  from  the  velocity 
due  to  the  value  of  r  8  in  the  table  next  less  than  the 
given  value  with  suflScient  accuracy.  In  this  case,  this 
velocity  is  20'6  feet  per  second  =  247  inches  nearly. 
If  the  orifice  of  entrj^  be  square,  the  coefficient  is  -815, 
and  the  head  due  to  the  velocity  and  this  coefficient  is. 
Table  II.,  10  feet  nearly.  If  r  be  known  separately, 
and  also  a,  as  well  as  the  head  h,  and  the  length  of  the 
pipe  {,  at  first 

H  J    MX.      r        H  —  10        ft 

J  =  s,  and,  therefore, —    =  -  =  s. 

In  Example  26,  p.  24,  h  =  150,  and  I  =  100  feet, 
therefore,  the  new  value  of  -  =  --  is  1-4 ;  and  as  r 

V  JLuU 

must  be  equal  -020838,  r  «  =  -02917 :  the  value  cor- 
responding to  which,  in  the  table,  is  20*6,  the  velocity 
when  allowance  is  made  for  the  head  due  to  the  velocity 
and  orifice  of  entry. 

In  general,  by  taking  the  value  of  t;  for  the  next 
less  value  of  r  «  in  the  table,  the  velocity  will  be  found 
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with  sufficient  accuracy,  and  also  the  value  oi  rs  from 
that  of  V  by  taking  it  as  the  next  greater,  li  r  s 
=  -0008528,  the  table  would  give  v  =  8-04  feet,  the 
same  practically  as  already  found  in  Example  27, 
p.  25. 

The  value  of  r  8,  when  known,  determines  and  fixes 
the  value  of  v.  If  r  be  assumed  of  any  convenient 
dimensions,  a  is  then  determined ;  and,  in  Uke  manner, 
any  suitable  value  of  8  determines  r ;  thus : 

r  8  .r  8 

—  =  «,  and  —  =  r. 

r  '  8 

It  is  well  to  remark,  here  again,  that  for  pipes  the 
value  of  r  is  the  fourth  part  of  the  diameter  d,  and 
that 

r  =  -7,  and  4  r  =  d. 

M.  DARcrin  1857,  inspecteur  des  ponts  et  chaussees, 
published  hiis  ''Becherches  experimentales  relatives  au 
Mouvement  de  TEau  dans  les  Tuyaux,"*  the  result  of 
198  experiments,  in  which  the  velocities  varied  from 
•08  to  5  or  6  metres  per  second,  or  from  1^  inch  to  16 
or  19  feet,  and  with  pipes  varying  from  |  inch  to  20 
inches  diameter.  The  formula  by  which  he  presents 
the  results  is,  in  metres, 

(a.)  R  J  =  61  u^, 

in  which  b  is  the  radius  of  the  pipe,  J  the  hydraulic 
inclination,  hi  a  variable  coefficient  dependent  on  the 
circumstances,  and  u  the  velocity  per  second.  For 
wrought  and  cast  iron  pipes  of  the  same  state  of  bore, 

*  M6moiT8s  pr^sentte  par  divers  savants  &  rAcad^mic  des  Sciences 
de  rinstitut  imperial  de  France,  tome  XV.,  Paris,  1858. 
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the  value  of  61  is    expressed   by  M.  Darcy,  by  the 
equation 

r^r.^^^,.         -00000647 

(6.)  ii  =  -000507  +  - 


R 


the  agreement  between  which  and  experiment  is  shown 
in  the  following  table. 


Diameten 
in  English 

Diameters 
in  metres. 

Vslue  of  bj 
IVom  ex- 

Value of  h. 
by  the 

inchee. 

periments. 

formula. 

•5 

•0122 

•001678 

•001668 

1- 

•0266 

•000918 

•000998 

1-6 

•0396 

•000786 

•000886 

3-2 

•0819 

•000695 

'000666 

6-4 

•1870 

•000668 

-000601 

7-4 

•1880 

•000684 

•000676 

11-7 

•2970 

•000612 

•000661 . 
•000682 

19-7 

•6000 

'000609 

Remarks. 


Well  poliahed  bore. 

Pipe  already  in  use, 
but  the  bore  deaned. 


For  iron  coated  with  bitumen,  the  value  of  fti  in  a 
pipe  -196  metres  in  diameter  was  '0004884;  for  a 
newly  cast  pipe  of  '188  metres,  &i  was  '000584 ;  and 
for  a  pipe  '2482  metres  in  diameter,  hi  was  '001168 ; 
the  relative  proportions  of  bi  in  these  three  instances, 
being  as 

I'l  to  1'6  and  to  8 ; 
and,  therefore,  the  velocities,  or  discharges,  would  be 
inversely  as  the  square  roots  of  these,  or  as 

•95  to  '82  and  to  '58. 
By  substituting  the  notation  used  in  this  work  for  that 
of  M.  Darcy,  then  for  measures  in  metres,  from  equa- 
tions (a)  and  (6), 

•0000016175 1 


TS 


=P={- 


0002586  + 


I 


mI. 
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wiiich  for  feet  measures  becomes  (as  1  metre  =  3*281 
feet) 

f  AnnoKQK  ^  3-281  X  "0000016175  )  v^ 

Ts:=.  I  -0002536  + ^: I  X  8^1  ^ 

hence 

^  =  -00007726  +  '-^5000162 


and,  therefore, 

r  s 


-{ 


•00000162 


00007726  +  i 

r         ) 


w 


For  all  half-inch  pipes  this  becomes 

^  =  {  •OOo'23278 }    =65-5  V77; 
for  all  inch  pipes, 

*=  { -000^16602  }     =  80-8  s/T~s; 
for  all  two-inch  pipes, 

*'  =  {-00m6i4}*  =  92-8V77; 
for  all  fonr-inch  pipes, 

for  all  six-inch  pipes, 

for  all  nine-inch  pipes, 

for  aU  twelve-inch  pipes, 

^  =  {  -00(K)8874  }  ^  =  IQQ'S  ^^'  > 
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for  all  eighteen-inch  pipes, 

^ -{ -00008158  }  ^  =  "Q"^  ^^' ' 
for  all  twenty-four  inch  pipes, 

"={  '0000805  }     =111-5  V71; 
and  when  r  is  large, .  as  for  very  large  pipes  and 
channels,  the  velocity 

^={^00^?726}*  =  "3-8V7^ 

is  obtained. 

There  is  evidently,  on  an  examination  of  these 
results,  a  great  error  in  the  formula  of  M.  Darcy.  As 
long  as  the  diameter  of  a  long  pipe  continues  constant, 
the  velocity  is  always  represented  by  a  given  fixed 

multiple  of  s/~V$,  or  of  the  square  root  of  the  product 
of  the  hydraulic  inclination  and  hydraulic  mean  depth, 
no  matter  how  small  or  great  the  velocity  in  the  pipe 
may  be.  For  an  inch  pipe  this  multiplier  for  feet 
measures  is  80*8.  Now  with  a  lead  pipe  the  author 
has  found,  from  several  experiments,  for  a  velocity 
of  about  16  feet  per  second,  the  multipUer  to  be  117 
or  118 ;  and  for  a  velocity  of  about  22  feet  per  second, 
Mr.  Hodson's  experiment  gives  a  multiplier  of  about 
120.  Taking  the  other  extreme  for  large  pipes,  the 
multiplier  derived  from  M.  Darcy's  formula  is  118*8, 
no  matter  how  small  the  velocity  may  be.  But  there  are 
experiments  in  abundance  to  prove  that  for  velocities 
of  about  12  or  18  inches  per  second,  the  multiplier 
cannot  exceed  95.  We,  therefore,  look  upon  these 
researches  of  M.  Darcy  as  partial  and  defective,  and 
his  formula  as  a  representation,  at  best,  of  a  limited 


240  THE  DISCHARGE  OF  WATER  FROM 

range  of  velocities,  in  which  those  at  either  side  are 
omitted  or  not  perceived. 

For  small  pipes,  any  obstruction  arising  from  defec- 
tive bore,  decomposition,  encrustation,  or  from  dimin- 
ished bore,  affects  the  discharge  much  more  considerably 
than  the  same  obstructions  in  a  large  pipe.  In  order 
to  compare  correctly  the  effects  of  the  state  of  the 
bore  on  the  discharge,  pipes  of  exactly  the  same 
diameter  must  be  used,  and  the  value  of  &i  determined 
from  experiments  in  which  the  velocity  is  the  same, 
otherwise  the  results,  as  deduced  by  M.  Darcy  and 
given  by  Morin,  cannot  be  depended  upon. 

A  few  examples,  taken  at  discretion,  are  given  to 
show  how  limited  this  formula  must  be  in  its  applica- 
tion. 

1.  Couplet's  experiment.  No.  43,  p.  217,  reduced 
to  feet,  gives  r  =  -8997  feet,  s  =  -0085,  r  «= -001889, 
and  the  observed  velocity  v  =  8*478  feet  =  95  V  r  « 
nearly.  Darcy's  formula  would  give  v  =  llO'S  V  r  8, 
the  author's  formula  106  V  r  «  nearly,  and  Weisbach's 

106  V  r  «  nearly.  The  pipe  was  probably  an  old  one, 
and  a  deduction  of  about  10  per  cent,  might  be  made 
for  the  state  of  the  bore.  Here,  however,  there  is  no 
means  of  judging  the  effect  of  a  change  of  inclination 
on  the  multiplier  m,  table  page,  281. 

2.  From  Du  Bu&t's  experiments  with  an  inch  pipe, 
nearly,  Nos.  50  and  51,  p.  217,  after  reducing  them 
to  feet,  in  experiment  60,  r  =  '0222,  s  =  '228  and  v 
=  6-88  feet  =  89-2  VTT;  or,  after  making  the 
necessary  deductions  in  the  head  for  the  velocity  and 
the  orifice  of  entry  with  the  coefficient  *816,  s  =  '147 
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and  V  =  6'83  feet  =  111*4  W«.  In  experiment  51, 
in  feet  r  =  -0222,  b  =  -8074,  and  v  =  7*54  =  92  V  r7; 
or,  by  making  allowance  for  the  head  due  to  the  velo- 
city and  the  orifice  of  entry,  as  before,  s  =  '179,  and 

V  =  7'54  feet  =  119*7  ^  r  8.  Here  it  is  seen  how 
the  velocity,  or  value  of  the  inclination,  «,  aflFects  the 
value  of  the  multiplier,  the  diameter  remaining  con- 
stant. M.  Darcy's  formula,  in  each  case,  would  only 
make  v  =  80*2  V^77. 

8.  In  the  excerpt  proceedings  of  the  Institution  of 
Civil  Engineers,  p.  4,  6th  February,  1855,  James 
Simpson,  president,  in  the  chair,  there  is  given  for  the 
**  Golinton  pipe "  16  inches  diameter,  eight  or  nine 
years  in  use,  three  observations.  First,  29,580  feet 
long,  a  head  of  420  feet  and  a  discharge  of  571  cubic 

feet  per  minute :  these  give  v  =  6*816  feet  =  99*2  V  r  « 
nearly.  Secondly,  a  length  of  25,765  feet  a  head  of 
184  feet,  and  a  discharge  of  440  cubic  feet  per  minute : 
these  give  v  =  5*252  feet  =  96*8  V  r  s.  And  thirdly, 
a  length  of  8,815  feet  a  head  of  184  feet,  and  a  dis- 
charge of  1,215  cubic  feet  per  minute  :  these  give  v  = 

14*5  feet  =  115  VT«  nearly.  In  these  three  examples, 
the  diameter,  castings,  and  age  of  the  pipes  are  the 
same.    Yet  it  is  seen,  clearly,  that  the   inclination 

affects  the  multiplier  of  \/  r  a,  which  increases  with 
the  inclination,  8,  although  M.  Darcy's  formula  would 
make  the  multiplier  the  same  in  each  case,  and  for  all 
inclinations,  viz.  t;  =  110  s/  r  8.  Making  those 
allowances  inseparable  from  the  state  of  the  pipe,  and 
all  experimental  observations,  these  results,  as  well  as 
those  from  Du  Bust's  experiments,  confirm  the  accuracy 
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of  the  author's  general  formula  (119a),  page  230, 
and  those  others  that  have  been  given  following  it,  as 
well  also  as  that  of  Weisbach. 
Dr.  Young's  formula,  page  222,  bears  a  resemblance 

to  that  of  M.  Darcy,  in  making  the  multiplier  of  \/T« 
depend  only  on  the  diameter ;  but  it  works  in  a  con- 
trary manner :  for  the  high  velocities  being  derived 
from  pipes  with  small  diameters,  in  the  experiments 
at  his  command,  the  value  oicmv^^cy/rsy  reduced 
from  his  formula,  becomes  larger  in  general  for  small 
than  for  larger  diameters.  No  doubt  an  allowance 
should  be  made  in  small  pipes  for  a  thin  film  of  water 
adjoining  the  pipe  with  little  or  no  velocity ;  but  within 
the  limits  with  which  the  engineer  has  to  deal,  this 
may  be  neglected.  Its  effect,  as  well  as  that  of  all  the 
other  resistances,  junctions,  contractions,  deposits,  &c., 
is  greater  in  pipes  of  small  bore  than  in  larger  ones. 

COEFFICIENTS  DUE   TO  THE   ORIFICE   OF  ENTBY. — 

TEQIEE   PROBLEMS. 

Unless  where  otherwise  expressed,  the  head  due  to 
the  velocity  and  orifice  of  entry  is  not  considered  in 
the  preceding  equations.  In  equation  (74),  where  it  is 
taken  into  calculation  generally, 

in  which  1  +  c,  is  equal  to  1 7- 1  ,(*,  being  the  coefficient 

of  resistance  due  to  the  orifice  of  entry,  and  e,  the 
coefficient  of  velocity  or  discharge  from  a  short  tube. 


ORIFICES,    WEIRS,   PIPES,   AND  RIVERS.  243 

If  the  tube  project  into  the  reservoir,  and  be  of  small 
thickness,  c^  will  be  equal  '715  nearly,  and  therefore 
{•,  =  '956 ;  if  the  tube  be  square  at  the  junction,  the 
mean  value  of  c^  will  be  •814,  and  therefore  c,  =  "508 ; 
and  if  the  junction  be  rounded  in  the  form  of  tlie  con- 
tracted vein,  Cy  is  equal  to  unity  very  nearly,  and  c^ 
=  0.  For  other  forms  of  junction  the  coeflBicients  of 
discharge  and  resistance  will  vary  between  these  limits, 
and  particular  attention  must  be  paid  to  their  values 
in  finding  the  discharge  from  shorter  tubes  and 
those  of  moderate  lengths;   but  in  very  long  tubes 

1  +  c,  becomes  very  small  compared  with  c^   x  -, 

and  may  be  neglected  without  practical  error.  These 
remarks  are  necessary  to  prevent  the  misapplication  of 
the  tables  and  formula,  as  the  height  due  to  the  velo- 
city and  orifice  of  entry  is  an  important  element  in  all 
calculations  for  short  tubes. 

It  is  considered  unnecessary  to  give  any  formula  for 
finding  the  discharge  itself,  because,  the  mean  velocity 
once  determined,  the  calculation  of  the  discharge  fi*om 
the  area  of  the  section  is  one  of  simple  mensuration  ; 
and  the  introduction  of  this  element  into  the  three 
problems  to  which  this  portion  of  hydraulic  engineering 
applies  itself,  renders  the  equations  of  solution  com- 
plexy  though  easily  derived ;  and  presents  them  with 
an  appearance  of  difficulty  and  want  of  simplicity 
which  excludes  them,  nearly  altogether,  from  practical 
application.     The  three  problems  are  as  follows : — 

I.  Owen  the  faJl,  lengthy  and  diameter  of  a  pipe  or 
hydraulic  mean  depth  of  any  channel,  to  find  the  dis' 
charge. 

B  2 
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Here  all  that  is  necessary  is  to  find  the  mean 
velocity  of  discharge^  which,  multiplied  by  the  area 
of  the  section  (equal  eP  X  '7854  in  a"  cylindrical  pipe), 
gives  the  discharge  sought.  Table  VIII.  gives  the 
velocity  at  once  for  long  channels,  according  to  Du 
Buat,  or  it  can  be  found  from  equation  (119a)  by  calcu- 
lation. Table  IX.  gives  the  discharge  in  cubic  feet 
per  minute  for  diflferent  diameters  of  pipes,  and  veloci- 
ties in  inches  per  second,  when  found  from  Table 
VIII.,  or  formula  (119a).  See  also  Tables  XI.  and 
XII.    Fob  a  pipe  6  inches  in  diameter,  the  velocity 

PER  second    is  practically  EQUAL   TO  THE    DISCHARGE 

IN  CUBIC  FEET  PER  MINUTE.     See  also  the  tables  at 
pp.  28,  29,  270,  oQd  271. 

II.  Given  the  discharge  and  cross  section  of  a 
channel,  to  find  the  fall  or  hydraulic  inclination. 

If  the  cross  section  be  circular,  as  in  most  pipes, 
the  hydraulic  mean  depth  is  one-fourth  of  the  diameter ; 
in  other  channels  it  is  found  by  dividing  the  water  and 
channel  line  of  the  section,  wetted  perimeter,  or 
border,  into  the  area.  The  velocity  is  found  by 
dividing  the  area  into  the  discharge,  and  reducing  it 
to  inches  per  second ;  then  in  Table  VIII.,  under  the 
hydraulic  mean  depth,  find  the  velocity,  corresponding 
to  which  the  fall  per  mile  will  be  found  in  the  first 
column,  and  the  hydraulic  inclination  in  the  second. 
This  result  can  be  corrected  by  trial  and  error  to  accord 
with  formula  (119a),  and  the  table  for  the  values  oir  s 
and  r,  p.  234,  calculated  from  it.  See  also  the  tables, 
pp.  28,  29,  270,  and  271. 

III.  Given  the  discharge,  length,  and  fall,  to  find 
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the  diameter  of  a  pipe,  or  hydraulic  mean  depth  and 
dimensions  of  a  channel. 

This  is  the  most  useful  problem  of  the  three. 
Assume  any  mean  radius  r^,  and  find  the  discharge  D|^ 
by  Problem  !•     Then  for  cylindrical  pipes 

5 

and  as  r^^  d^  and  D|^,  are  known^  r^  becomes  also  known, 
and  thence  r.  Table  XIII.  will  then  assist  to  find  r 
with  great  facility.  Thus,  if  r^  =  1  and  n^  was  found 
16,  D  beiag  88,  then 

lif^i:  1:^::  1:  2*2,  therefore  r^  =  2'2 ; 

and  thence  by  Table  XIII.,  r  =  1'87,  the  mean 
radius  required,  four  times  which  or  6:48  is  the  diameter 
of  the  pipe.  For  other  channels,  the  quantity  thus 
found  must  be  the  hydraulic  mean  depth;  and  all 
channels,  however  varied  in  the  cross  section,  will  have 
the  same  velocity  of  discharge,  when  the  fall,  length, 
and  hydraulic  mean  depth  are  constant.  If  r^^  be  as- 
sumed EQUAL  TO    Ij-  INCH,  THE  VELOCrTY  FOUND   FBOM 

Table  VIII.  will  then  be  the  discharge  in  cubic 
FEET  FEB  MINUTE  NEARLY,  and  this  "mean  radius" 
can  always  be  assumed  for  the  first  term  of  the  propor- 
tion.    See  also  the  tables,  pp.  28,  29,  270,  and  271. 

In  order  to  find  the  dimensions  of  any  polygonal 
channel  whatever,  which  will  give  a  discharge  equal  to 
D,  assume  any  channel  similar  to  that  proposed,  one  of 
whose  known  sides  is  s^,  and  find  the  corresponding 
discharge,  d^^,  by  Problem  I.,  or  from  Tables  XI.  and 
XII. ;  then,  if  the  like  side  of  the  required  chaimel. 
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V  S 

be  s,  there  results  the  equation  s  =  s^f  —  J  ,  and  thence 

the  numerical  value  from  Table  XIII.  The  result 
can  be  corrected,  as  before,  to  accord  with  any  of  the 
formulae  by  the  method  of  trial  and  error. 

As  it  frequently  happens  that  deposits  in  and  encrus- 
tations on  a  pipe  take  place  from  time  to  time,  which 
diminish  the  flowing  section  considerably,  it  is  always 
prudent,  when  calculating  the  necessary  diameter,  to 
take  the  largest  coeflBcient  of  friction,  c,,  or  to  double 
its  mean  value,  particularly  for  small  pipes,  when  cal- 
culating the  diameter  from  any  of  the  formulae.  Some 
engineers,  increase  the  quantity  of  water  by  one-half 
to  find  the  diameter ;  but  much  must  depend  on  the 
peculiar  circumstances  of  each  case,  as  sometimes  less 
may  be  sufficient,  or  more  necessary.     The  discharge 

increases  in  similar  figures,  nearly  as  r^  or  as  Sy  that 
is,  as  the  square  root  of  the  fifth  power  of  the  diameter, 
and  the  corresponding  increase  in  the  diameter  for  any 
given  or  allowed  increase  in  the  discharge  can  be  easily 
found  by  means  of  Table  XIII.,  as  shown  above.  If 
the  dimensions  be  increased  by  one-sixth,  the  discharge 
will  be  increased  by  one-half  nearly ;  and  by  doubling 
the  dimensions  the  discharge  is  increased  in  the  pro- 
l)ortion  of  5f  to  1. 

For  shorter  pipes,  it  is  necessary  to  take  into  con- 
sideration the  head  due  to  the  velocity  and  orifice  of 
entry.  Taking  the  mean  coefficient  of  velocity  or 
discharge,  the  head  due  to  the  velocity  and  orifice  of 
entry,  if  it  be  known  is  found  from  Table  U.  ;  this 
subtracted  from  the  whole  head,  h,  leaves  the  head,  Af, 
due  to  the  hydraulic  inclination,  which  is  that  to  be 
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made  use  of  in  Table  VIII.  K  the  velocity  be  not 
given,  it  can  be  found  approximately ;  then  the  head 
found  for  this  velocity,  due  to  the  orifice  of  entry, 
when  deducted,  as  before,  will  give  a  close  value  of  Af, 
from  which  the  velocity  may  be  determined  with 
greater  accuracy,  and  so  on  to  any  degree  of  approxi- 
mation. In  general,  one  approximation  to  /t,  will  be 
sufficient,  unless  the  pipes  be  very  short,  in  which  case 
it  is  best  to  use  equation  (74).  Example  VIII.,  p. 
208,  and  the  explanation  of  the  use  of  the  tables. 
Section  I.,  may  be  usefully  referred  to. 

Tables  XI.,  XII.,  and  XIII.  assist  to  solve  with 
considerable  facility  all  questions  connected  with  dis- 
charge, dimensions  of  channel,  and  the  ordinary  surface 
inclinations  of  rivers.  The  discharge  corresponding 
to  any  intermediate  channels  or  falls  to  those  given  in 
Tables  XI.  or  XII.,  will  be  found  with  abundant 
accuracy,  by  inspection  and  simple  interpolation ;  and 
in  the  same  manner  the  channels  from  the  discharges. 
Bivers  have  seldom  greater  falls  than  those  given  in 
Table  XII.,  but  in  such  a  case,  it  is  only  to  divide 
the  fall  by  4,  then  twice  the  corresponding  discharge 
will  be  that  required.  Table  XIII.  gives  the  com- 
parative discharging  powers  of  all  similar  channels, 
whether  pipes  or  rivers,  and  the  comparative  dimen- 
sions from  the  discharges.  It  will  be  perceived  from 
it,  that  an  increase  of  one-third  in  the  dimensions 
doubles,  and  a  decrease  of  one-fourth  reduces  the 
discharge  to  one-half.  By  means  of  this  table,  and 
by  a  simple  proportion,  the  dimensions  of  any  given 
form  of  channel  when  the  discharge  is  known  can  be 
determined.  See  Example  17,  p.  17.  See  also  the 
tables  pp.  28,  29,  270,  and  271. 
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The  mean  widths  in  Tables  XI.  and  XII.  are 
calculated  for  rectangular  channels,  and  those  having 
side  slopes  of  1^  to  1.  Both  these  tables  are,  how- 
ever, practically,  equally  applicable  to  any  side  slopes 
from  0  to  1  up  to  2  to  1,  or  even  higher  when  the 
mean  widths  are  taken  and  not  those  at  top  or  bottom. 
A  semihexagon  of  all  trapezoidal  channels  of  equal 
area  has  the  greatest  discharging  power,  and  the  semi- 
square  and  all  rectangles  exactly  the  same  as  channels 
of  equal  areas  and  depths  with  side  slopes  of  1^  to  1. 
The  maximum  discharge  is  obtained  between  these 
for  the  semihexagon  with  side  slopes  of  nearly  ^  to  1, 
but  for  equal  areas  and  depths  the  discharge  decreases 
afterwards  as  the  slope  flattens.  The  question  of 
"how  much?"  is  here,  however,  a  very  important 
one ;  for,  as  already  pointed  out  in  equations  (28)  and 
(81),  the  differences  for  any  practical  purposes  may  be 
immaterial.  This  is  particularly  so  in  the  case  of 
chaimels  with  different  side  slopes,  if,  instead  of  the 
top  or  bottom,  the  mean  width  is  made  use  of  to 
calculate  from.  Then  it  is  only  to  subtract  the  ratio 
of  the  slope  multiplied  by  the  depth  to  find  the 
bottom,  and  add  it  to  find  the  top.  If  the  mean  width 
be  50  feet,  the  depth  5  feet,  and  the  side  slopes  2  to  1, 
then  50  —  (2  X  6)  =  40  for  the  bottom,  and  50 + 
(2x5)  =  60  for  the  top  width- 
Side  slopes  of  2  to  1  present  a  greater  difference 
from  the  mean  slope  of  1^  to  1,  than  any  others  in 
general  practice  when  new  cuts  are  to  be  made.  A 
triangular  channel  having  slopes  of  2  to  1,  and  bottom 
equal  to  zero,  differs  more  in  its  discharging  power 
from  the  half  square,  equal  to  it  in  depth  and  area, 
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than  if  the  bottom  in  each  was  equally  increased,  yet 
even  here  it  is  easy  to  show  that  this  maximum  differ- 
ence is  only  5^  per  cent.  If  the  bottom  be  increased 
so  as  to  equal  the  depth,  it  is  only  4^  per  cent.;  when 
equal  to  twice  the  depth,  3*8  per  cent.;  and  when 
equal  to  four  times  the  depth,  to  2  per  cent. ;  while 
the  differences  in  the  dimensions  taken  in  the  same 
order  are  only  2*2,  1"8,  1*5,  and  0*8  per  cent.  For 
greater  bottoms  in  proportion  to  the  depth  the  differ- 
ences become  of  no  comparative  value.  It  therefore 
appears  pretty  evident,  that  Tables  XI.  and  XII.  will 
be  found  equally  applicable  to  aU  tide  slopes  from  0 
to  1  up  to  2  to  1,  by  taking  ike  mean  widths.  When 
new  cuts  are  to  be  made,  there  is  no  reason  whatever 
in  starting  from  bottom  rather  than  mean  widths,  to 
calculate  the  other  dimensions;  indeed  the  necessary- 
extra  tables  and  calculations  involved  ought  entirely 
to  preclude  us  from  doing  so.  Besides,  the  formula 
for  finding  the  discharge  vary  in  themselves,  and  for 
different  velocities  the  coefficient  of  friction  also 
varies.*  Added  to  which  the  inequalities  in  every 
river  channel,  caused  by  bends  and  unequal  regimen, 
preclude  altogether  any  regularity  in  the  working 
slopes  and  bottom,  though  the  mean  width  would 
continue  pretty  uniform  under  all  circumstances. 

*  The  coefiBcient  m  in  the  formula  v  «  m  (r  «)'  in  riyera  for  veloci- 
ties from  8  inches  to  3  feet  per  second,  varies  from  abont  72  to  108  ; 
yet,  strange  to  say,  most  tables  are  calcnlated  from  one  coefficient 

alone ;  or,  rather,  from  a  formula  e<|uiTalent  to  94*17  (r  sy,  which 
gives  results  suited  to  a  velocity  of  16  inches  only.  Dimensions  of 
channelB  calculated  by  means  of  this  formula  are  too  smaU  in  one  case, 
and  too  large  in  the  other.  In  pipes,  the  variation  of  the  coefficients 
is  shown  in  the  small  tables,  pp.  229  and  281. 
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The  quantities  in  Table  XII.  are  calculated,  from 
the  velocities  found  from  Table  VIII.,  to  correspond 
to  a  channel  70  feet  wide  and  of  different  depths,  the 
equivalents  to  which  are  given  in  Table  XI.  In 
order  to  apply  these  tables  generally  to  all  open 
channels,  the  latter  are  to  be  reduced  to  rectangular 
ones  of  the  same  depth  and  mean  width,  or  the 
reverse,  as  already  pointed  out.  If  the  dimensions 
of  the  given  channel  be  not  within  the  limits  of 
Table  XI.,  divide  the  dimensions  of  the  larger 
channels  by  4,  and  multiply  the  corresponding  dis- 
charge found  in  Table  XII.  by  82;  for  smaller 
channels,  multiply  the  dimensions  by  4,  and  divide  by 
82.  In  like  manner,  if  the  discharge  be  given  and 
exceed  any  to  be  found  in  Table  XIII.,  divide  by  82, 
and  multiply  the  dimensions  of  the  suitable  equivalent 
channel  found  in  Table  XI.  by  4.  If  it  be  desirable  to 
find  equivalent  channels  of  less  widths  than  10  feet  for 
small  discharges,  multiply  the  discharge  by  82,  and 
divide  the  dimensions  of  the  corresponding  equivalent 
by  4.  Many  other  multipliers  and  divisors  as  well  as 
4  and  82  may  be  found  from  Table  XIII.,  such  as  8 
and  16-6,  6  and  88*2,  7  and  180,  9  and  248,  10  and 
316,  12  and  499,  &c.  The  differences  indicated  at 
pages  212  and  218,  must  be  expected  in  the  application 
of  these  rules,  which  will  give,  however,  dimensions  for 
new  channels  which  can  be  depended  on  for  doing  their 
duty.     The  Tables,  pp.  270,  271,  are  also  applicable. 

It  will  be  seen  from  Table  XIII.  that  a  very  small 
increase  in  the  dimensions  increases  the  discharging 
power  very  considerably.  Table  XII.  also  shows  that 
a  small  increase  in  the  depth  alone  adds  very  much  to 
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the  discharge.    If  in  this  latter  case  a  small  increase 

in  the  depth,  d,  be  expressed  by  — ,  then  it  is  easy  to 

n 

prove  that  the  corresponding  increase  in  the  velocity, 

v^  will  be  -— ;  and  that  in  the  discharge  d,  -- — ,  if 
2  n  2  n 

the  surface  inclination  continue  unchanged ;  but  as  it 
is  always  observable  in  rivers  that  the  surface  inclina- 
tions increase  with  floods,  the  differences  in  practice 
will  be  found  greater  than  these  expressions  make  it. 
As  in  a  lai^e  river  the  surface  inclination  must  be  very 
small,  four  times  the  fall  will  add  very  little  to  the 
sectional  area ;  yet  this  increase  of  fall  would  double 
the  discharge,  and  thence  may  be  perceived  how  tribu- 
taries can  be  absorbed  into  the  main  channel  without 
any  great  increase  to  its  depth. 


SECTION  IX. 

BEST  FORMS  OF  THE  CHANNEL. — ^REGIMEN. — VELOCITY. — 
EQUALLY  DISGHABillNa  CHANNELS. 

The  determiaation  of  the  hydraulic  mean  depth 
does  not  necessarily  determine  the  section  of  the 
channel.  If  the  form  be  a  circle,  the  diameter  is  four 
times  the  mean  radius;  but,  though  this  form  be 
almost  always  adopted  for  pipes,  the  beds  of  rivers 
take  almost  every  curvilineal  and  trapezoidal  shape. 
Other  things  being  the  same,  that  form  of  a  river 
channel,  in  which  the  area  of  the  cross  section  divided 
by  the  border  is  a  maximum,  is  the  best.     This  is  a 
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semicircle  having  the  diameter  for  the  surfiace  line, 
and  in  the  same  manner,  half  the  regular  figures,  an 

octagon,  hexagon,  and 
square,  in  Fig.  83,  are 
better  forms  for  the 
channel,  the  areas  and 
side  slopes  being  con- 
stant, than  any  others 
of  the  same  number  of 
sides.  Of  all  rectangular  channels,  Diagram  4,  in 
which  A  B  c  D  is  half  a  square,  is  the  best  cross  section ; 
and  in  Diagram  8,  a  c  d  b,  half  a  hexagon,  is  the  best 
trapezoidal  form  of  cross  section.  When  the  width 
of  the  bottom,  c  d,  Diagram  8,  is  given,  and  the  slope 

=  n,  then,  in  order  that  the  discharge  may  be  the 


A  a 


c  a 

greatest  possible, 


c  a 


={ 


2  (n»  +  1)* 


-V 


and 


c  D  = 


—  n  X  c  a 


c  a 


=|'^(»*+«'-»]'-)'-"{2(,..+*i)>-.}! 

in  which  a  is  the  given  area  of  the  channel.  As,  however, 
a  river  has  never  been  known  in  which  the  slope  of  the 
natural  banks  continued  uniform,  even  although  made 
so  for  any  improvements,  it  is  not  necessary  to  give 
tables  for  different  values  of  n.  If,  notwithstanding, 
^  be  put  for  the  inclination  of  the  slope  a  c,  equal  angle 

c  A  a ;  then  as  cot.  <^  =  n,  and  v/^^a  j.  i  =  -^ > 

sm.  ^ 

the  foregoing  equations  become 


(120.) 

ca=  i^         ^^  r 

1 2  —  COS.  4> ) 

and 

(121.) 

c  D  =  —  —  ca 
c  a 
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_  ^C^> 

"2{(n3  +  l)^-n}; 

X    cot.  <^,* 

which  will  give  the  best  dimensions  for  the  channel 
when  the  angle  of  the  slope  for  the  banks  is  known. 

When  the  discnarge  from  a  channel  of  a  given  area, 
with  given  side  slopes,  is  a  maximum,  it  is  easy  to 
prove  that  the  hydbaulic  iiean  depth  must  be  half 

OF  THE    CENTRAL   OR  GREATEST   DEPTH.       This   simple 

principle  gives  the  construction  of  the  best  form  of 
channel  with  great  facility.  Describe  any  circle  on  the 
drawing-hoard ;  draw  the  diameter  and  produce  it  on 
both  sides,  otUside  the  circle;  draw  a  tangent  to  the 
lower  circvmference  parallel  to  this  diameter,  and  draw 
the  side  slopes  at  the  given  inclinations,  touching  the 
circumference  also  on  each  side  and  terminating  on  the 
parallel  lines :  the  trapezoid  thus  formed  wiU  be  the 
best  form  of  channel,  and  the  width  at  the  surface  wiU 
be  equal  to  the  sum  of  the  two  side  slopes*  It  is  easy  to 
perceive  that  this  construction  may  be,  simply,  extended 
for  finding  the  best  form  of  a  channel  having  any  poly- 
gonal border  whatever  of  more  sides  than  three  and  of 
given  inclinations. 

Commencing  with  the  best  discharging  form  of 
channel,  which  in  practice  will  have  the  mean  width, 
about  double  the  depth ;  an  equally  discharging  section 
of  double  the  width  of  the  first  will  have  the  contents 

*  VThen  c  D  =  o.    The  channel  is  triangular ;  and  a  =  c  a'  x  cot.  ^ 

and  c  a  *■  I  —i^ — y* 
\oot.  •/ 


254  THE  DISCHARGE  OP  WATER  FROM 

one-eleventh  greater,  and  the  depth  less  in  the  pro- 
portion of  1  to  1'85.  A  channel  of  double  the  mean 
width  of  the  second  must  have  the  sectional  area  further 
increased  by  about  one-fifth,  and  a  further  decrease  in 
the  depth  jfrom  1*67  to  1  nearly.  The  greater  expanse 
of  the  excavation  at  greater  depths  will,  in  general, 
more  than  counterbalance  these  differences  in  the 
contents  of  the  channel.  When  the  nanks  rise  above 
the  flood  line,  and  are  unequal  in  their  section,  the 
wider  channel  involves  further  upper  extra  cutting, 
but  there  is  greater  capacity  to  discharge  extra  and 
extraordinary  flooding,  the  banks  are  less  liable  to 
slip  or  give  way,  the  slopes  may  be  less,  and  the 
velocity  being  also  less,  the  regimen  will,  in  general, 
be  better  preserved.  The  table  of  equally  discharging 
channels,  p.  270,  will  afford  the  means  of  calculating 
the  difference  of  the  cubical  contents. 

When  the  sectional  area  is  given,  the  following 
table  shows  that  the  semicircle  is  the  best  discharging 
channel,  and  the  complete  circle  the  worst ;  the  latter 
is  so,  however,  only  compared  with  the  open  channels 
given  in  the  table,  it  being  the  best  form  for  an  enclosed 
channel  flowing  full.  The  best  form  of  an  open  channel 
18  particularly  suited  for  new  cuts  in  flat,  marsh, 
caliow,  and  fen  lands,  in  which  it  is  also  often  advis- 
able to  cut  them  with  a  level  bed,  up  from  the  dis- 
charging point,  in  order  to  increase  the  hydraulic 
mean  depth,  and  consequently  the  velocity  and  dis- 
charge. 

As  the  quantity  of  water  coming  -down  a  river 
channel  in  a  season  varies  very  considerably, — the 
author  has  observed  it  in  one  case  to  vary  £rom  one  to 
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thirty,  and  occasionally  in  the  same  channel  from  one 
to  seventy-five, — the  proportion  of  the  water  section 
to  the  chanoel  itself  must  also  vary,  and  those  rela- 
tions of  the  depth,  sides,  and  width  to  each  otiier, 
above  referred  to,  cease  to  hold  good,  and  be  the  best 
under  such  circumstaDces.  If  the  object  be  to  con- 
struct a  mill-race,  temporary  drain  for  unwatering  a 
river,  or  other  small  channel,  in  which  the  depth 
remains  nearly  constant,  channels  of  the  form  of  a 
half  hexagon,  diagram  3,  Fig.  83,  will  be,  perhaps,  the 
best,  if  the  tenacity  of  the  banks  permit  the  slope ; 
but  rivers,  in  which  the  quantity  of  water  varies  consi- 
derably, require  wider  channels  in  proportion  to  the 
depth ;  and  also,  that  the  velocity  be  so  proportioned 
to  the  tenacity  of  the  soil,  or  as  it  is  termed  "  the 
regimen"  that  the  banks  and  bed  shall  not  vary  fi-om 
time  to  time  to  any  injurious  extent,  and  that  any 
deposits  made  during  their  summer  state,  and  during 
light  freshes,  shall  be  carried  o£F  periodically  by 
floods.  Another  circumstance,  also,  modifies  the 
efiects  of  the  water  on  the  banks.  It  is  this,  that  at 
curves,  and  turns,  the  current  acts  with  greatest  efiect 

=i|  against  the 
bank,  concave 

F  to  the  direc- 
tion in  which 
it  is  moving; 
deepening  the 

^  channel  there; 
undermining  also  the  bank,  as  at  a,  F^.  34;  and 
raising  the  bed  to  the  opposite  side  b.  The  reflection 
of  the  current  to  the  opposite  bank  from  a  acts  also 
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in  a  similar  maimer,  lower  down,  upon  it;  and  this 
iiatm^  operation  proceeds,  until  the  number  of  turns, 
increased  length  of  channel,  and  loss  of  head  from 
reflexion  and  unequal  depths,  bring  the  currents  into 
regimen  with  the  material  in  the  bed  and  banks.  At 
all  bends  it  is,  therefore,  prudent  to  widen  the  channel 
on  the  convex  side  b,  and  protect  the  concave  side  a. 
Fig.  84,  in  order  to  reduce  the  velocity  and  its  effects ; 
and  if  the  bed  be  here  also  sunk  below  its  natural 
inclination,  as  it  may  be  seen  in  most  rivers  at  bends, 
the  velocity  will  be  farther  reduced,  and  the  per- 
manence of  the  bed  better  established. 

The  circumstances  to  be  considered  in  deciding  on 
the  dimensions  and  fall  of  a  new  river  course,  after  the 
depth  to  which  the  surface  of  the  water  is  to  be 
brought  has  been  decided  on,  are  the  following : — 

The  mean  velocity  must  not  be  too  slow,  or  aquatic 
l)lants  will  grow,  and  deposits  take  place,  reducing 
the  sectional  area  until  a  new  and  smaller  channel  is 
formed  within  the  first  with  just  sufficient  velocity 
to  keep  itself  clear.  This  velocity  should  not  in 
general  be  less  than  firom  ten  to  fourteen  inches  per 
second.  The  velocity  in  a  canal  or  river  is  in- 
creased very  considerably  by  cutting  or  removing 
reeds  or  aquatic  plants  growing  on  the  sides  or 
bottom.* 

*  '^  M.  Ginrdafaitobseryor,  avec  raison,  que  les  plantes  aquatiqnes, 
qoi  cxoiaaent  toujonn  sur  le  fond  et  snr  les  berges  des  cananx,  aug- 
inentent  consid^rableinent  le  perimdtre  momll^,  et  par  iniite  la  inst- 
ance ;  il  a  rapell^  que  Du  Bnit,  ayant  mesar^  la  vitesse  de  Teau  dans 
le  canal  dn  Jard,  avant  et  aprts  la  conpe  des  roseanx  dont  il  ^tait  garni, 
nyait  tronv^  nn  rcsultat  bien  moindre  ayant  qn^apris.  £n  consequence, 
il  a  presqne  donbld  la  pente  donn^  par  le  calcul    .    .    •.'*~Trait6 

s 
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The  mean  velocity  must  not  be  too  quick,  and 
should  be  so  determined  as  to  suit  the  tenacity  and 
resistance  of  the  channel,  otherwise  the  bed  and 
banks  will  change  continually,  unless  artificially  pro- 
tected ;  it  should  not  exceed 

25  feet  per  minute  in  soft  aUuvial  deposits. 


40 

clayey  beds. 

60        „ 

sandy  and  silty  beds. 

120        „ 

grayelly. 

180        „ 

strong  gravelly  shingle. 

240 

shingly. 

300        „ 

n 

shingly  and  rocky. 

400  and  i 

ipwards 

in  rocky  and  shingly.* 

d'Hydranlique,  p.  185.  When  the  &11  does  not  exceed  a  few  inches 
per  mile,  the  Telocity,  as  determined  from  the  inclination,  is  yery 
uncertain,  and  for  this  reason  it  is  always  pmdent  to  increase  the 
depths  and  sectional  areas  of  channels  in  flat  lands,  as  far  as  the 
regimen  will  permit.  In  such  cases  the  section  of  the  channel  should 
approximate  towards  the  best  form.    See  pp.  192  and  255. 


*  TABLC  or  VELOOineS  OF  sows  MOVXNO  BODin  OOXPABED  WITH  TH08B  OF  XmSBB 


Objects  in  motion. 


Corrent  of  slow  rivers  . 

Currents  of  ordinuy 
riyers  up  to 

Currents  of  rapid  riyers 

Man  walking    .       .    . 

Horse  trottins 

Swiftest  race-horee  .    . 

Moderate  winds    . 

Stonns  •       •    . 

Hurricanes    . 

Swift  English  steam- 
boats navigating  the 
channels  .    . 

Swift  American  river 
steamers 

Fast  sailing  vessels  .    . 

Railway  trains,  English 
American 
Belgian. 
French. 


II 


M 

Feet 

per 

second. 

A 

1  ! 

U 

^ 

7 

lOi 

8 
7 

4 

00 

88 

7 

lOi 

86 

62J 

80 

117i 

14 

204 

18 
12 

?n 

82 

47 

18 

264 

26         S6S  1 

27 

394 

Objects  in  motion. 


Railway  trains,  German 

Sound  whenatmosphere 
isatS20Fahr.    . 

Ditto  60«  Fahr.         .    . 

Air  rushing  into  vacuum 

Ditto  when  the  baro- 
meter stands  at  30 
inches. 

Common  musket-ball  . 

Rifle-ball  .... 

Cannon-ball  . 

Bullet  dischaiged  from 
air-gun,  air  being 
compressed  into  the 
hundredth  part  of  its 
volume  .... 

A  point  on  earth's  sur- 
face at  the  equator 
moving  round  the  axis 

Earth  moving  round  sun 


I 


9i 


24 

743 

765 
860 


917 

850 

1,000 

1.091 


477 


m 


531 

1,090 
1,122 
1,247 


1,344 
1,247 

1,467 
1,600 


700 


1,040      1,525 
68.182  100,000 
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A  velocity  of  180  feet  per  minute  will  remove 
angular  stones  the  size  of  an  egg.  Mr.  Phillips, 
under  the  Metropolitan  Commissioners  of  Sewers, 
states  that  2^  feet  per  second,  or  150  feet  per  minute, 
is  sufficient  to  prevent  soil  depositing  in  sewers. 

The  fall  per  mile  should  decrease  as  the  hydraulic 
mean  depth  increases,  and  both  be  so  proportioned 
that  floods  may  have  sufficient  power  to  carry  off  the 
deposits,  if  any,  periodically.  The  proportion  of  the 
width  to  the  depth  of  the  channel  should  not  be 
derived,  for  new  cuts  or  river  courses,  from  any 
formula,  but  taken  from  such  portions  of  the  old 
channel  as  approximate  in  depth  and  in  the  inclina- 
tion of  the  surface  to  that  proposed.  When  the 
depth  is  nearly  half  the  width,  the  formula  shows, 
ceteris  paribus,  that  the  discharge  will  be  a  maximum; 
but  as  (altogether  apart  from  the  question  of  expense) 
the  quantity  of  water  discharged  daily,  at  different 
seasons,  may  vary  from  one  to  seventy,  and  more,  and 
''  iJie  regimen,*'  has  to  be  maintained,  the  best  pro- 
portion between  the  width  and  depth  of  a  new  cut 
should  be  obtained,  as  stated,  from  some  selected 
portion  of  the  old  channel,  whose  general  circum- 
stances and  surface  inclination  approximate  to  those 
of  the  one  proposed ;  and  the  side  slopes  of  the  banks 
must  be  such  as  are  best  suited  to  the  soil.  The 
resistance  of  the  banks  to  the  current  being  in  general 
less  than  that  of  the  beds,  which  get  covered  with 
gravel,  and  the  necessary  provision  required  for  floods, 
appears  to  be  the  principal  reason  why  rivers  are  in 
general  so  very  much  wider  than  about  twice  the 
depth,  the  relation  which  gives  the  minimum  of  friction. 

8   2 
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The  following  Table  is  given  by  Eennie,  as  an 
approximation,  generally,  to  the  actual  state  of  rivers.* 
The  surface  inclinations,  however,  given  in  this  table 
for  the  first  and  second  classes,  are  very  considerable 
for  large  rivers,  and  would  give  velocities  which  would 
effectually  scour  them.     For  a  hydraulic  mean  depth 

of  12  feet,  the  velocity,  with  a  fall  of  jonrkft'   would  be 

2  feet  8  inches  per  second  by  Du  Buat's  formula ;  and 
3*3  feet  per  second  by  our  formula.  The  description, 
therefore,  can  only  apply  to  smaller  channels.      In 

fact,  4  inches  to  a  mile,  or  ^.  .^»  is  a  considerable  in- 
clination for  a  large  river.  From  Carrick-on-Shannon 
to  Killaloe,  a  distance  of  110  miles,  the  average  fall  is 
only  about  4  inches  per  mile  on  the  river  Shannon ; 
and  the  portion  between  Athlone  and  the  river  Suck 
below  Shannon  bridge  the  fall  varies  from  '7  to  1}  inch 
per  mile.  The  Table  of  the  "  Falls  on  the  Shannon" 
(p.  262)  explains  practically  the  defects  in  Bennie's 
Table,  or  of  any  tabular  arrangement  that  omits  the 
size  and  hydraulic  mean  depth  of  the  river  channel. 
The  mean  velocity  and  quantity  flowing  remaining  the 
same,  the  hydraulic  mean  depth  increases  as  the  sur- 
face inclination  decreases,  and  in  the  same  ratio.  The 
increase  of  surface  inclination  and  of  velocity  are  the 
indices  of  obstructions  in  the  channel,  with  this  differ- 
ence, that  the  obstructions  are  caused  by  the  velocity 
where  the  surface  inclination  is  generally  steep ;  but 
the  obstructions  cause  the  increase  of  velocity  where 
the  inclination  is  generally  flat. 

*  Report  to  the  British  Association,  1884 
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ChaimeU  wlierein  the  resiKt-^ 
ance  from  the  Iwd,  and  other  I 
olMtacIes,  eqoal  the  qtuntit;  of  | 
current  acouired  from  the  do-  I  ,^ 
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'  Hi 


2nd. 


Riven  in  low,  flat  canntnee,  'j 
full  of  tnnu  and  windings,  and  i 
of  a  Tery  slow  current,  subject  >  3rd.  | 
to  frequent  and  huting  innnda-  I 


Rivers  in  moat  conntrieB  that  \ 

e  a  mean  between   flat  and/ 

hilly,  which  have  good  currents,  1.  ...        -.t 

but  are  aulyect  to  overflow  ;  also  (""■        * 

the  upper  parts  of  riren  in  flat  \ 


Rivera  in  hilly  countrien  with  ] 
a  Strang  current,  and  seldom  / 
subject  to  inundationa;  also  all  (,,. 
rivere  near  thoir  saurces  have/ 
this  declivity  and  velocity,  and  \ 
often  much  more     .       .       .  I 


tiiei  having  a  npidonrrentand  / 
straight  course,  and  very  rarely  I 
overflowing  ■     ■  ) 


Riven  in  their  descent  from 
among  mountain*  down  into  the  (  -^ 
plains  below,  in  which  plains  ( 
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Absolute     torreiita     among  |  „ 
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FALLS  THE  22KD  AUGITST,  1861  (bY  MB,  BATEMAN),  ON  THE  SHANNON 
BETWEEN  ATHLONE  AND  YICTORIA  LOCBl,    MEELICK. 

Report,  May,  1863. 


Height  over 

upper  aill 

of  Victoria 

Lock. 

FalL 

Distance. 

Fall  per 
Mile. 

Athlone 

Shannon  bridge . 
Banagher       .... 
Victoria  Lock,  Meelick      . 

ft.    in. 
Id      2 
14      8 
12      3 
8    10 

ft.    in. 

•  • 

1  6 

2  5 

3  6 

miles 

•  • 

I4i 
4 

inches 

l'263 
3-411 
9111 

NATURAL  FALLS  ON  THE  RIVER  SHANNON  (BY  MR.    LYNAM). 

Report,  April,  1807. 


Names  of  Places. 


From  Carrlok  on  Shannon  to  Jamestown 
Bridge 

Thence  to  Jamestown  Weir 

Fall  over  Jamestown  Weir  . 

Thence  to  Albert  Lock 

Thence  to  the  head  of  Roosky  Fall     • 

Thence  to  Roosky  Weir    . 

Fall  over  Rooskv  Weir . 

From  Roosky  Weir  to  Tarmonbarxy  Weir 

Fall  over  Tarmonbarry  Weir     . 

From  Tarmonbarry  Weir  to  Lanesboro 

Thence  to  Athlone,  head  of  the  Fall    . 

Thence  to  the  Weir   .... 

Fall  over  Athlone  Weir 

/From  Athlone  Weir  to  Rirer  Suck. 
Thenoe  to  Banaghor    .       .       i       . 

1  Thence  to  Counsellor's  Ford  • 

]  Thenoe  to  Meelick  Weir     . 
Fall  oyer  Meelick  Navigation  and  Eel 

i    Weirs 

From  Meelick  to  Portunma         • 

Thence  to  Killaloe  Pier  head    . 

Thence  to  Killaloe  Weir  head 

Fall  over  Killaloe  Weir  at  the  head.'v 
2ft.  6in I 

Fall  07er  Killaloe  Weir  at  the  lower  T 
end,  8ft.  Sin j 

Thence  to  Killaloe  Bridge 

Total  .       t 

In  river 

Additional  fall  at  Tarmonbarrr  left  out 
above  to  suit  the  heights  of  the  water 
there 


Whole  fall 


Falls. 


In  the 
river. 


ft.  in. 

0  9 

1  0 

■  • 

1  11 
0    24 
0    6 


2    6 

■  • 

1  3 
0  3 
0    4 


ft.  in. 


2    4 


0  10^ 

1  Hi 

0  0 

1  1 


0    7 
0    5} 
0    8 


1    1 


1 

i 

5 


6 

■ 

6 


2    4 


6    8 


2    0 


15    9 


21    0 
15    0 


1    1 


87  10 


miles 

•  • 

7 
3 

•  • 

•  ■ 

7i 

174 

2 

•  • 

16 
8 
2 

2 

4 
8 

231 


111 


Fall  per 
mile. 


inches 

1'84 
6  00 

6-67 
O'SG 
400 

4-66 

2-07 
017 
2-00 


0-87 

0-23 

18*00 


6-50 


The  fall  Irom  Killaloe  to  Limerick  is  alout  07  feet  in  about  15  miles. 
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The  foUowing  information  with  reference  to  the  stir- 
face  inclinations  of  the  Thames,  is  also  from  Bennie's 
Beport  on  Hydraulics/  as  a  branch  of  engineering 
science. 


1 

Names  of  places 

Length. 

Fan. 

FaUIn 

feet  per 

mile. 

Ratio 
of  incUna- 

tiODS. 

From  Lechlade  at  St.  John*8 

Bridge  to  Oxford  at  Folly 

Bridge        .        .        .     . 
From  Oxford  to  Abingdon 

Bridge     .... 
From  Abingdon  to  Walling- 

ford  Bridge. 
From  Wallingford  to  Bead- 
ing Bridge 
From   Beading   to   Henley 

Bridge        .                .    . 
From    Henley    to   Marlow 

Bridge    .... 
From  Marlow  to  Maidenhead 

Bridge        .        .        .    • 
From  Maidenhead  Bridge  to 

Windsor  Bridge 
From  Windsor   to   Staines 

Bridge        .        .        .     . 
From   Staines  to  Chertsey 

Bridge     .... 
From  Chertsey  to  Tedding- 

ton-Lock    f       . 
From   Teddinffton-Lock   to 

London  Bri<^ 
From    London   to    Tantlet 

Greek 

From  Lechlade  to  Yantlet 

Creek      .... 

Deduct.                .    . 

From  Lechlade  to  London  • 

mUes  far. 

28     0 

9     0 

14    0 

18  0 
9    0 
9    0 
8    0 

7  0 

8  0 
4    6 

13    6 

19  0 
40    0 

iiMt  in. 

47     0 
13  11 
27    4 
24    1 
19    3 

12  2 
15    1 

13  6 
15    8 

6    6 

19    8 

2    9 

2    1 

1-68 
1-73 
1-95 
1-81 
214 
1-35 
1-86 
1-93 
1-96 
1-44 
1-45 
-145 
-052 

7.0  6  i 
T.OJO 

Trhs 

186    4 
40    0 

218    0 

• 

146    4 

For  enclosed  channels,  the  circular  form  of  sewer 

*  Report,  for  1834^  of  the  British  Association. 
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will  have  the  largest  scouring  power,  at  a  given 
hydraulic  inclination.  For  then  the  area  of  the  sections 
being  the  same,  the  velocity  in  the  circular  channel 
will  be  a  maximum.  When  the  supply  is  intermit- 
tent, and  the  channel  too  large,  the  egg-shaped  form 
with  the  smaller  end  for  the  bottom, — or  the  sides 
vertical  with  an  inverted  ridge-tile  or  V  bottom  for 
drains, — will  have  a  hydrostatic  flushing  power  to 
remove  soil  and  obstructions,  which  a  cylindrical 
channel,  only  partly  full,  does  not  possess ;  because 
a  given  quantity  of  water  rises  higher  against  the  same 
obstruction,  or  obstacle,  to  the  flow  in  the  pipe.  It 
must  be  confessed,  however,  that  for  small  drains  and 
house-sewage,  this  gain  is  immaterial,  and  is  at 
best  but  effected  by  a  sacrifice  of  space,  material,  and 
friction  in  the  upper  part  of  drains,  from  6  to  12  inches 
in  diameter.  Besides  this,  the  mere  hydrostatic  pres- 
sure is  only  intermittent,  and  during  an  ordinary,  or 
heavy,  fall  of  rain,  the  hydrodynamio  power  is  always 
more  efficient  in  scouring  properly-proportioned  cylin- 
drical drains ;  and  the  workmanship  in  the  form  and 
joints  is  less  imperfect  than  for  more,  compound  forms, 
as  those  with  egg-shaped  and  inverted  tile  bottoms. 
The  moulds  and  joints  of  cylindrical  stone-ware  drains, 
exceeding  12  inches  in  diameter,  are  seldom,  however, 
in  large  quantities  perfect;  and  the  expense  would 
exceed  that  of  brick,  stone,  or  other  sufficient  drains 
in  many  localities. 

As  to  the  increased  discharging  power  which  it  is 
asserted  by  some,  stone-ware  cylindrical  drains  pos- 
sess over  other  ordinary  drains,  no  doubt  it  is  true  for 
small  sizes,  because  the  form,  jointing,  and  surface  are 
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in  general  more  smooth  and  circular ;  and  for  sewage 
matter,*  the  friction  and  adherence  to  the  sides  and 
bottom  is  less;  any  advantage  from  these  causes 
becomes,  however,  immaterial  for  the  larger  sizes,  as 
these  can  be  constructed  of  brick  or  stone  abundantly 
perfect  to  any  form,  and  sufficiently  smooth  for  all 
practical  purposes,  for  in  the  larger  properly-propor- 
tioned sizes  the  same  amount  of  surface  roughness 
opposed  to  the  sewage  matter  is,  comparatively,  of  no 
effect.  The  judicious  inclination  and  form  of  the 
bottom,  and  properly  curved  junctions,  are  the  principal 
points  to  be  attended  to.  Smaller  drains  tile-bottomed, 
with  brick  or  stone  sides,  and  flat-covered,  have  one 
great  advantage  over  circular  pipes,  t  They  can  be 
opened  up,  for  examination  and  repairs  at  any  time 
with  facility,  and  at  the  smallest  expense ;  but  greater 
certainty  must  be  attached  to  the  working  of  small 
stone-ware  drains  than  to  equally-sized  small  brick  or 
stone  drains,  and  they  will  be  found,  in  general, 
also  cheaper.  This,  however,  depends  on  the 
locality. 

It  may  be  observed  in  numerous  experiments,  that 


*  Weisbach  found  the  coefficient  of  resistance  1 75  times  as  great  for 
small  wooden  as  for  metallic  pipes.  All  permeable  pipes  present  greater 
resistance  than  impemudble  ones;  hence  the  principle  advantage 
derived  from  glazing. 

+  Half-socket  joints  at  bottom  wonld  remedy  this  imperfection  in 
small  pipes,  and  they  could  be  better  laid  and  cemen^.  A  semi- 
ciicnlar  flange  laid  on  at  top  would  eflectually  protect  the  joint  on  the 
upper  side.  Latterly  Doulton  has  cut  off  an  upper  segment  from  the 
pipe,  which  can  be  removed  for  cleaning.  And  it  may  be  demon- 
strated, that  when  this  is  a  segment  of  78^  degrees,  the  lower  portion 
will  discharge  more  than  a  full  pipe  at  the  same  inclination. 
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water  flowing  from  a  pipe  does  not  entirely  fill  the 
oriiice  of  exit,  when  tlie  velocities  are  not  considerable, 
and  yet  the  results  are  found  to  be  but  slightly  affected 
if  a  little  more  than  three-fourths  of  the  circum- 
ference he  full.  It  is  easy  to  demonstrate  that  the 
full  circle  does  not  give  the  maximum  discharging 
velocity  as  has  been  generally  believed,  but  when 
Fig.  3ia.  ^^^    to    ^^    I'^'g'^t   of 

the  chord  a  c  of  arc  a  e  c 
of  78J  degrees,  and  where 
the  velocity  is  9J  per 
cent,  over  that  due  to  the 
full    circle,    for  then  ths   ■ 


and  the  length  of  the  arc 
adc  is  equal  to  the  tangent 
of  the  supplemental  arc 
a  e  c,s&  may  be  without  difQculty  demonstrated.  The 
hydraulic  mean  depths  of  the  circle  and  larger  segment 
are  to  each  other  as  *5  to  '6,  and  their  square  roots, 
which  are  as  the  velocities  or  scouring  powers,  are  as 
1  to  1'095.  The  discharging  powers  are  to  each  other 
as  1  X  3-1416  to  1-095  x  2-946,  or  as  1  to  1-026, 
which  shows  that  the  segment  adc  has  also  a  greater 
discharging  power  than  the  whole  circle  of  nearly 
three  per  cent.  These  facts,  which  were  first  pointed 
out  by  the  author,  are  not  unimportant  in  matters 
connected  with  drain-pipes  and  sewerage.  The  effects 
of  greater  velocity  and  discharge  here  pointed  out,  are 
sometimes  increased,  in  short  pipes,  from  the  fall 
between  the  surface  a  e,  and  the  surface  from  which 
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the  head  is  measured^  being  greater  than  the  fall 
to  the  top  of  the  pipe  at  e,  or  from  the  inclination  of 
the  surface  of  the  water  in  the  pipe  being  greater  than 
the  inclination  of  the  pipe  itself. 


EQUALLY  DISCHARGING  CHANNELS. 

In  order  that  different  channels  should  have  the 
same  discharging  power,  the  inclination  of  the  surface 
being  the  same,  the  areas  must  be  inversely  as  the 
square  roots  of  the  hydraulic  mean  depths.  The 
channel  a  d  c  b,  Fig.  35,  will  have  the  same  discharge 
as    the    channel  a  n  c  b  if  they  be   to  each    other 

(  ADCB  )i,      f  a  d  CB 

as  ^ 


\ad  +  dc  +  cb 


y-u 


d  +  d  c  +  c 


^V' 


and  hence  the  square  root  of  the  cube  of  the  channel 
area,  divided  by  the  border,  must  be  constant.  With 
a  fall  of  one  or  more  feet  to  a  mile,  two  channels,  one 
70  feet  wide  and  1  foot  deep,  and  the  other  20  feet 
wide  and  2^  feet  deep,  will  have  the  same  discharge. 
If  w  be  put  for  the  width  and  d  for  the  depth  of  any 
rectangular  channel,  then 

\ T^-T-  c    =  wi ;  and  thence  the  cubic  equation 

I  to  +  2  d   ) 

(122.)  (P  - 


2  m 


7JV 


^-d  =  ^- 


vr 


w 
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for  finding  the  depth  d  of  any  other  rectangular 
channel  whose  width  is  Wy  of  the  same  discharging 
power.  The  depths  d  for  different  widths  of  channel 
have  been  calculated  from  this  equation,  assuming  a 
width  of  70  feet  and  different  depths  to  find  m  from. 
The  results  are  given  in  Table  XI.,  which  will  be 
found  sufficiently  accurate  for  all  practical  purposes, 
when  the  banks  are  sloped,  by  taking  the  mean  width. 
This  table  is  equally  applicable  to  any  measures  what- 
ever, to  their  multiples,  and  sub-multiples. 

If  the  hydraulic  inclinations  vary,  then  the  V  r  s 
must  be  inversely  as  the  areas  of  the  channels  when 

V  r  s  X  channel  or  the  discharge  is  constant ;  and  ii' 
the  area  of  the  channel  and  discharge  be  each  constant, 
r  must  vary  inversely  as  8 ;  and  r  a  be  also  constant. 
For  instance,  a  channel  which  has  a  fall  of  four  feet 
per  mile,  and  a  hydraulic  mean  depth  of  one  foot,  will 
have  the  same  discharge  as  another  channel  of  equal 
area,  having  a  hydraulic  mean  depth  of  four  feet,  and 
a  fall  per  mUe  of  only  one  foot.  If  in  Table  XII. 
the  same  discharge  be  taken  from  the  columns  for 
different  inclinations,  the  mean  rectangular  dimensions 
corresponding  to  them  in  the  first  column  will  be 
found,  and  thereby  an  engineer  be  enabled  to  select 
an  equally  discharging  channel  from  Table  XI., 
suited  to  an  increase  or  decrease  of  the  hydraulic 
inclination.* 

The  next  table  at  p.  270,  of  equally  discharging 

*  Tables  by  the  Author  similar  to  nixmbers  XI.,  XII.,  and  XIII. 
but  on  a  much  more  extended  scale,  have  been  printed  and  published 
on  a  separate  sheet  for  office  use,  and 'may  be  had  fVom  the  pub- 
lisher. 
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river  channels^  with  a  primary  channel  having  a  mean 
width  of  100,  instead  of  70,  as  in  Table  XI.  has  heen 
calculated ;  and  in  the  table  at  p.  271  are  given  the 
discharges  at  different  inclinations  from  this  new 
primary  channel,  to  find  those  from  its  equivalents. 
The  tables  at  pp.  28,  29,  271,  and  Table  VIII., 
have  also  been  calculated  &om  Du  Buat's  formula. 
For  slow  velocity  of  only  a  few  inches  per  second, 
the  dimensions  should  be  increased  by  about  one-sixth, 
and  the  discharges  by  about  one-half. 

With  reference  to  pipes,  it  is  apparent  that  a  given 
depth  of  roughness  or  contraction  arising  from  any 
cause  wiU  have  a  greater  effect  the  smaller  the  diameter 
becomes.  Now  in  practice,  it  is  necessary  to  increase 
the  diameter  beyond  what  is  found  by  calculation. 
For  smaU  service  pipes  half-an-inch  is  the  smallest 
diameter  in  general  use.  For  mains  and  sub-mains 
the  value  of  c  in  equation  (74b),  or  at  p.  196,  should 
at  least  be  doubled,  or  the  discharge  taken  at  one  and 
a  half  times  its  amount  to  find  the  diameter.  By 
enlarging  the  diameter  by  one-seventh,  one-half  the 
amount  will  be  added  to  the  discharge,  very  nearly ; 
and  by  increasing  the  diameter  by  one-third,  the 
discharge  will  be  doubled.  In  a  broad  and  practical 
sense,  and  considering  the  losses  arising  from  deposi- 
tions,* pipes  under  two  inches  should  have  one-third 

*  Mr.  Bateman  formerly  in  giring  evidence,  says  : — "He  wished  to 
mention  a  circnmstance  which  might  be  nsefnl  with  regard  to  the 
spongillse  fonnd  in  the  Dnblin  water  pipes.  At  Manchester,  before  the 
introduction  of  soft  water,  the  city  was  supplied  with  hard  water, 
which  favoured  the  growth  of  a  small  fresh-water  mussel,  which 
thickly  line  the  reservoirs  and  pipes.  There  were  myriads  of  them, 
and  they  lay  in  the  pipes  as  thick  as  paving  stones.     These  were 


TABLE  qf  mean  width*  and  depth*  qf  equally  diaehargiHg  trapezoidal  Jtiver-ehannelitt 
or  Sewer$f  with  aide  $lopet  up  to  2\  to  1.  Praeiieally  all  rvoer-ehannel*  majf  be  re- 
dueed  to  rectangular  tectioH*  qf  equal  area*  artd  depth*  to  Jtnd  the  dUekarge.  See 
Table  XI. 
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or  more  added  to  their  calculated  dimensions^  and 
larger  pipes  from  one-third  to  one-seventh  —  even 
after  making  allowance  for  junctions,  bends,  and  con- 
tractions. For  large  conduits  or  channels  the  allowance 
need  not  be  so  large,  if  the  maximum  quantity  to  be 
conveyed  has  been  duty  estimated. 


SECTION    X. 

EFFECTS  OF  ENLARaEMENTS  AND  CONTRACTIONS.  BACK- 
WATER WEIR  CASE. — ^LONG  AND  SHORT  WEIRS. — 
THE   SHANNON. 

When  the  flowing  section  in  pipes  or  rivers  expands 
or  contracts  suddenly,  a  loss  of  head  always  ensues ; 
this  is  probably  expended  in  forming  eddies  at  the 
sides,  or  in  giving  the  water  its  new  section.  A  side 
current,  moving  slowly  sometimes  upwards^  may  be 
frequently  observed  in  the  wide  parts  of  rivers,  when 
the  channel  is  unequal,  though  the  downward  current, 
at  the  centre,  be  pretty  rapid ;  and  though  it  may  be 
assumed  generally  that  the  velocities  are  inversely  as 
the  sections,  when  the  channels  are  uniform,  this 
cannot  properly  be  done  when  they  are  not,  and  the 

caused  by  the  large  quantity  of  lime  in  the  water.  He  was  curious  to 
aee  what  would  be  the  effect  of  passing  water  without  lime.  This  was 
done  ten  or  eleven  years  ago,  and  the  result  was  that  these  mussels 
had  entirely  disappeared.  There  was  no  longer  anything  ftom  which 
they  could  make  their  sheUs,  and  for  years,  on  their  discharge,  the 
small  pipes  were  found  choked  with  them.  If  soft  water  were  supplied 
to  Dublin  in  place  of  the  present  hard  water,  which  probably  favoured 
the  growth  of  spongillse,  they  would  probably  disappear."  This  has 
been  since  done,  and  Dublin  has  been  supplied,  from  the  Vartiy,  with 
most  satisfactory  results  as  to  quality,  quantity,  and  cost 
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motions  so  uncertain  as  those  referred  to.    When  a 

pipe    is    contracted    by    a 

diaphragm  at  the  orifice  of 

entry,  Fig.  27,  it  was  shown 

(equation  60),  that  the  loss 

of  head  is, 

(128.)        ;i  =  L_£!L_k£i_J_. 

When  the  diaphragm  is  placed  in  a  uniform  pipe, 
Fig.  86,  then  a  =  c,  and  the  loss  of  head  is 


(124.)  ft  =  ^"^        ^ 


2^ 
and  the  coefficient  of  resistance 

(125.)  d  =  (—  -  iV, 

as  in  equation  (67).  The  coefficient  of  discharge  c^  is 
here  equal  to  the  coefficient  of  contraction  Co,  or  very 
nearly.  Now  it  is  shown  in  equation  (45),  and  the 
remarks  following  it,  that  the  value  of  the  coefficient 
of  discharge,  c^,  varies  according  to  the  ratio  of  the 

A 

sections,  ^  ,*  and  in  Table  V.  we  have  calculated  the 

*  The  empirical  value  of  c*  as  given  by  Professor  Bankine,   b 

•618 
^.  ^-} "Ta^u  wliich  is  equal  to  unity  when  a  =  A,   as  it 

M  —  -eis^L  V 

should  bo  ;  and  equal  to  *618,  when  a  is  very  small,  compared  with  a, 
as  it  also  should  be  when  the  diaphragm  is  a  thin  plate,  hut  not  other- 
wise. If  the  thickness  of  the  diaphragm  be  twice  the  diameter  of  the 
orifice  a,  the  coefficient  of  discharge  would  be  *815 ;  and  if  the  higher 
arris  be  rounded,  this  would  be  increased  to  1,  in  which  cases  the  ex- 
pression would  clearly  fail ;  the  thickness  of  the  diaphragm  and  the 
form  of  the  aperture  a  must  slso  be  considered.  t 
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new  coefficients  for  different  valaes  of  the  ratios,  and 
different  values  of  the  primary  coefficient  c^.  I£  c^, 
when  A  is  veiy  large  compared  with  a,  be  *628,  then 
by  attending  to  the  remarks  at  pp.  101  and  103,  it  is 
found,  that  the  different  values  of  c^  correspondiag  to 

A 

•807  X  -,  taken  from  Table  V.,  are  those  in  columns 
a 

Nos.  2  and  5  of  the  next  small  table,  the  values  of  the 


TABLE  OF  COBFFICIEMTS  FOB  GONTKACTION,  BT  A  DIAPHRAGM 

IN  A  PIPE. 


a 

a 

— 

Cd 

c. 

— 

Cd 

c. 

A 

A 

•0 

•628 

infinite 

•6 

•718 

1-790 

•1 

•680 

221^2 

•7 

•768 

-807 

•2 

•686 

471 

•8 

•807 

-801 

•8 

•647 

17-2 

•86 

•845 

•154 

•4 

•661 

7*7 

•9 

•890 

•062 

•6 

'683 

8-7 

1 

1-000 

•000 

coefficient  of  resistance,  in  columns  3  and  6,  being 
calculated  from  equation  (125)  for  the  respective  new 
values  of  the  coefficient  of  discharge  thus  found.  The 
table  shows  that  when  the  aperture  in  a  diaphragm  is 
-/^ths  of  the  section  of  the  pipe,  that  47  times  the  head 
due  to  the  velocity  is  lost  thereby-  If  the  aperture  in 
the  diaphragm  be  rounded  at  the  arrises,  the  loss  will 
not  be  so  great,  as  the  primary  coefficient  c,  wiU  then 
be  greater  than  that  due  to  an  orifice  in  a  thin  plate : 
see  the  Table  of  Coefficients,  p.  169. 

When  there  are  a  number  of  diaphragms  in  a  tube, 

« 

the  loss  of  head  for  each  must  be  found  separately, 
and  all  added  together  for  the   total  loss.    .  If  the 
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diaphragms,  howeyer,  approach  each  other,  so  that 
the  water  issuing  from  one  of  the  orifices  a,  Fig.  86, 
shall  pass  into  the  next  before  it  again  takes  the 
velocity  due  to  the  diameter  of  the  pipe,  the  loss  will 
not  be  so  great  as  when  the  distance  is  sufficient  to 
allow  this  change  to  take  place.  This  yiew  is  fully 
borne  out  by  the  experiments  of  Eytelwein  with  tubes 
1*08  inch  in  diameter,  having  apertures  in  the  dia- 
phragms of  *51  inch  in  diameter. 

Venturi's  twenty-fourth  experiment,  with  tubes 
varying  from  *75  inch  to  '984  inch  in  diameter  at  the 
junction  with  the  cistern,  so  as  to  take  the  form  of 
the  contracted  vein,  and  expanding  and  contracting 
along  the  length  from  '75  to  2  inches  and  from  2 
inches  to  *75  inch  alternately,  shows  the  great  loss  of 
head  sustained  by  successive  enlargements  and  con- 
tractions of  a  channel,  even  when  the  junction  of  the 
parts  is  gradual.  Calling  the  coefficient  for  the  short 
tube,  with  a  junction  of  nearly  the  form  of  the  con- 
tracted vein,  1,  then  the  following  coefficients  are 
derivable  from  the  experiment : — 

Short  tube  with  rounded  jnnction       .        .        .1* 

One  enlargement *741 

Three  enlargements *569 

Five  enlargements *454 

Simple  tube  with  a  rounded  junction  of  the  same 
length,  86  inches,  as  the  tube  with  the  fire 

enlarged  parts *786 

The  head,  in  the  experiment,  was  32J  inches.  Venturi 
states  that  no  observable  differences  occurred  in  the 
times  of  discharge  when  the  enlarged  portions  were 
lengthened  from  8^  to  6^  inches.  See  tables,  pp.  146 
and  199. 

,  T  2 
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With  reference  to  this  experiment,  so  often  quoted, 
it  is  necessary  to  remark  that  the  diameters  of  the 
enlarged  portions  were  2  inches  each,  while  the  lengths 
varied  only  from  8 J  to  6J  inches,  and  consequently 
were  at  most  only  8^  times  the  diameter.    Now  with 

such  a  large  ratio  of  the 
width  to  the  length  of  the 
enlarged  portions,  aAB  6, 
Fig.  87,  it  is  pretty  clear 
that  a  good  deal  of  the 
head  is  lost  by  the  im- 
pact of  the  moving  water  on  the  shoulders  at  a  and  b. 
That  this  is  so  is  evident  from  the  fact,  stated  by  the 
experimenter,  of  the  time  of  discharge  remaining  the 
same  when  a  a,  in  five  different  enlargements,  was 
increased  from  8^  to  6^  inches ;  though  this  must 
have  lengthened  the  whole  tube  from  86  to  50  inches,* 
thereby  increasing  the  loss  from  friction  proportion- 
ately, but  which  happened  to  be  compensated  for  by 
the  reduction  in  the  resistances  from  inpact  at  a  and 
B,  and  in  the  eddies,  by  doubling  the  lengths  from  a 
to  A. 

If,  however,  the  length  from  a  to  a  be  very  large 
compared  with  the  diameter,  and  the  junctions  at  a, 
A,  B,  and  hy  be  well  grafted,  less  loss  will  arise  from 
the  enlargement  than  if  the  smaller  diameter  continued 
all  along  uniform.  The  explanation  is  clear,  as  the 
resistance  from  friction  is  inversely  as  the  square 
roots  of  the  mean  radii;   and  the  length  being  the 


*  The  dimensions  thiongfaout  this  oxperiment  are  given  as  in  the 
original,  viz.,  in  French  inches. 
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same^  the  loss  must  be  less  with  a  large  than  a  small 
diameter. 

These  remarks,  mutatis  mutandis^  apply  equally  to 
rivers  as  to  pipes.  The  effects  of  submerged  weirs 
and  contracted  river  channels  has  been  already  pointed 
out  at  pp.  184  and  141,  and  formula  given  for  calcu- 
lating them. 

BACKWATEB  FROM   CONTRACTIONS  IN  RIVERS. 

A  river  may  be  contracted  in  width  or  depth,  by 
jetties  or  by  weirs ;  and  when  the  quantity  to  be  dis- 
charged is  known,  equations  from  which  the  increase 
of  head  may  be  found  are  given  in  formulae  (9),  (65), 
and  (67).  The  effect  of  a  weir,  jetty,  or  contracted 
channel  of  any  kind,  is  to  increase  the  depth  of  water 
above ;  and  this  is  sometimes  necessary  for  navigation 
purposes,  or  to  obtain  a  head  for  mill  power.  When 
a  weir  is  to  rise  over  the  surface,  then  from  the  length, 
the  discharge  per  minute,  the  coefficient  due  to  the 
crest,  and  the  coefficient  due  to  the  ratio  of  the  sections, 
on  and  above  the  weir,  found  from  Table  Y.,  the  head 
can  be  found  from  Table  YI.  For  submerged  weirs 
and  contracted  widths  of  channel,  the  head  can  be  best 
calculated,  by  approximation,  from  the  equations  above 
referred  to. 

The  head  once  determined,  the  extent  of  the  back- 
water is  a  question  of  some  importance.  If  f  c  o  d. 
Fig.  88,  be  the  original  surface  of  a  river,  and  a  a  b  f 
the  raised  surface  by  backwater  from  the  weir  at  a,  then 
the  extent  a  f  of  this  backwater,  in  a  regular  channel, 
will  be  from  1'5  to  1*9  times  a  c  drawn  parallel  to  the 
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horizon  to  meet  the  original  surface  in  c.  This  rule 
will  be  found  useful  for  practical  purposes;  but  in 
order  to  determine  more  accurately  the  rise  for  a  given 


length,  Bi  B2  or  Bj  b,  of  the  channel,  it  is  necessary  to 
commence  at  the  weir  and  calculate  the  heights  from  a 
to  B,  B  to  Bi,  and  from  Bi  to  B3  separately,  the  distance 
from  A  to  Bs  being  supposed  divided  into  some  con- 
venient number  of  equal  parts,  so  that  the  lengths  a  b, 
B  Bi,  &c.,  may  be  considered  free  from  curvature.  Now, 
as  the  head  a  d  is  known,  or  may  be  calculated  by 
some  of  the  preceding  formulse,  the  section  of  the 
channel  at  the  head  of  the  weir  also  becomes  known, 
and  thence  the  mean  velocity  in  it,  by  means  of  the 
discharge  over  the  weir.  Putting  a.  for  the  area  of  the 
channel  at  a  h,  (2  for  its  depth  a  h,  and  f)  for  the  mean 
velocity ;  also  Ai  for  the  area  of  the  channel  at  b  i,  (2i 
for  its  depth,  and  Vi  for  its  mean  velocity;  h^  the 
mean  border  between  the  sections  at  a  h  and  b  i ;  rm 

the  mean  hydraulic  depth ;  — J-^*  the  mean  velocity; 

AD=:A;  Bo  =  /r];  the  sine  of  angle  o  d  e  =  0;  and 
the  length  a  b  =  d  o  nearly  =  Z ;  we  get  a  x  t?  =  Ai 

A     J"     A 

X  Vi  and  r^a  —  J\  - ;  but  as,  in  passing  from  b  to 
A,  the  velocity  changes  from  Vi  to  r,  there  is  a  loss  of 
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head  equal  ^^ ,  and  if  Cf  be  the  coefficient  of  nic- 

tion,  there  is  a  loss  of  head  from  this  cause  equal  Cf  x 


^m 


-pr ;  hence  the  whole  change  of  head  in 

passing  from  b  to  a  is  equal  to  (?«  X  —  X   ^-^-^ — ^    — 

^ — — .     But  this  chanire  of  head  is  equal  to  be  —  ad 

=  B0  +  0E  —  AD  =  Ai  +  Z«  —  ft,  whence 
(126.)        Ai-fc  =  di-d  =  c,x  1  X  (*^  +  *')' 


"2(7 


—  Z«; 


or  as  f?i  =  — ,  and  r^  =  ^  J",  ^S   by  a  few  reductions 

Ai  A  Oni 

and  change  of  signs, 

(127.)    fe  -  fci  =  («  -  c,  X  6„  X  ^^  X  ^  I 

^       Af       "^  2^' 


and  therefore 

h      h       **  ~  **  X    ?* 

(128.)      /  = i: ,  \    ,   ^^. , 

2aJ  2^ 

from  which  the  length  I  corresponding  to  any  assumed 
change  of  level  between  a  and  b  can  be  calculated. 
Then,  by  a  simple  proportion  the  change  of  level  for 
any  smaller  length  can  be  found.  To  find  the  change 
of  level  directly  from  a  given  length  does  not  admit  of 
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a  direct  solution,  for  the  value  of  fc  —  Aj  in  equation 
(127)  involves  Ai,  which  depends  again  on  A  —  fei,  and 
further  reduction  leads  to  an  equation  of  a  higher 
order ;  but  the  length  corresponding  to  a  given  rise., 
Ai,  is  found  directly  by  equation  (128). 

When  the  width  of  the  channel,  w^  is  constant,  and 
the  section  equal  iowxd  nearly,  the  above  equations 
admit  of  a  further  reduction  for  iLi=:diW  and  K=dw'y 
by  substituting  these  values  in  equation  (127)  it  be- 
comes, after  a  few  reductions, 
(129.)    A  -  fti  =  d  -  (ii 

\        '      ""    2^M?     2flr/  d?  2g' 

or,  as  it  may  be  further  reduced, 

(180.)     h-K  = _d  +  d^   ^^ ^xi. 

Now,  in  this  equation,  for  all  practical  purposes, 

d  +  d,  ^     h^  _    h 


2  di         diw       dw* 
approximately,  6  being  the  border  of  the  section  at 

A  H ;    and   also,  — -~^  =  -,  approximately,    there- 

fore 

h  f? 

(181.)       h-hi  = 2 ^ ^  X  I; 

^'^d^2-g 
and 


(^-A,)x(l-§x^) 


(132.)  i=  J         ^ 
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Now,  as  T —  =  — ,  2  flf  =  64"4,  and  the  mean  value  of 

the  coefficient  of  friction  for  small  velocities  Cf  =  '0078^ 
then 

64-4  d«- -0078 -fj» 

<l»»->     ^--^-^        64-4d-^2/      ^^> 

and 

.„,,               .      (ft  -  /h)  X  (64-4  d  -  2  c^ 
(184.)  <  = J- — , 

64-4  d«- -0078 -«» 

found  A  B  from  b  o  or  b  e^  and  b  o  from  a  b,  we  can  in 
the  same  manner  proceed  up  the  channel  and  calculate 
Bi  c,  B]  Ci9  &c.,  until  the  points  b,  Bi,  b^  in  the  curve 
of  the  backwater  shall  have  been  determined,  and  imtil 
the  last  nearly  coincides  with  the  original  surface  of 
the  river.    When  h^  =  0,  then 

64-4  d  «- -0078  -  !?* 

^  "^         64-4  d  -  2  t?2       ^  ^• 

If  equation  (184)  be  examined,  it  appears  that  when 
64"4  d  =  2  f?*,  I  must  be  equal  to   zero ;    or  when 

d         f^ 

0  ~  AjTi  *  equal  the  height  due  to  the  velocity  v.  When 

1  is  infinite,  64*4  d  must  exceed  2 1^,  and  64*4  d  s  equal 

to -0078  -tJ»; 
r 

or,  ^^'  =  r»,  and  t>  =  90-9  VTs. 

This  is  the  velocity  due  to  friction  in  a  channel  of  the 
depth  d,  hydraulic  mean  depth  r,  and  inclination  8 ; 
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and,  as  in  wide  rivers  r  =  d  nearly,  v  =  90*9  V  d  «, 
but  when  the  numerator  was   zero  we  had  from  it 

V  =  V  32'2  d ;  equating  these  values  of  r,  «  =  '0089 

=—  nearly :  see  p.  188.    Now,  the  larger  the  fraction 

8  is,  the  larger  will  the  velocity  v  become ;  and  the 
larger  v  becomes,  the  more  nearly,  in  all  practical  cases, 
will  the  terms 

64-4  d  -  2  t?  and  64-4  d  «  -  -0078-  f^^, 

r 

in  the  numerator  and  denominator  of  equation  (184), 

approach  zero  ;  when  64*4  d  —  2  «^  becomes  zero  first, 

1  =  0;  when  64*4  d «  —  '0078  -  t^ becomes  zero  first, 

r 

I  equals  infinity ;  and  when  they  both  become  zero  at 

the  same  time,  I  =  h  —  hi,  and  «  =  —  :  see  p.  188 ; 

if  8  be  larger  than  this  fraction,  the  numerator  in  equa- 
tion (184)  will  generally  become  zero  before  the  denomi- 
nator, or  negative,  in  which  cases  I  will  also  be  zero, 
or  negative ;  and  the  backwater  will  take  the  form  f 
C2  ba  {'i  b  di  a.  Fig.  88,  with  a  hollow  at  c^*  Bidone 
first  observed  a  hoUow,  as  f  Cj  63,  when  the  inclination 

s  was  -.    When  the  inclination  of  a  river  channel 

90 

changes  from  greater  to  less,  the  velocity  is  obstructed, 
and  a  hollow  similar  to  f  c^  &2  sometimes  occurs. 
When  the  difference  of  velocity  is  considerable^  the 
upper  water  at  ^2  falls  backwards  towards  C2  ^^d  f,  and 
forms  a  bore,  a  splendid  instance  of  which  is  the  poro- 
roca,  on  the  Amazon,  which  takes  place  where  the 
inclination  of  the  surface  changes  from  six  inches  to 
one-fifth  of  an  inch  per  mile,  and  the  velocity  from 
about  22  feet  to  4J-  feet  per  second. 
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WEIB  CASE,   LONG  AND   SHORT  WEIRS. 

When  a  channel  is  of  very  unequal  widths,  above  a 
weir,  the  following  simple  method  of  calculating  the 
backwater  will  be  found  sufficiently  accurate,  and  the 
results  to  agree  with  observation.  Having  ascertained 
the  surface  fall  due  to  friction  in  the  channel  at  a  uni- 
form mean  section,  add  to  this  fall  the  height  which  the 
whole  quantity  of  water  flowing  down  would  rise  on  a 
weir  having  its  crest  on  the  same  level  as  the  lower  weir, 
and  of  the  same  length  as  the  width  of  the  cliannel  in  the 
contracted  pass.  The  sum  will  he  the  head  of  water  at 
some  distance  above  such  pass  very  nearly.  A  weir  was 
formerly  constructed  on  the  river  Blackwater,  at  the 
bounds  of  the  counties  Armagh  and  Tyrone,  half  a 
mile  below  certain  mills,  which,  it  was  asserted,  were 
injmiously  affected  by  backwater  thrown  into  the 
wheel-pits.     The  crest  of  the  weir,  220  feet  long,  was 

2  feet  6  inches  below  the  pit ;  the  river  channel  between 
varied  from  50  and  67  feet  to  123  feet  in  width,  from  1 
foot  to  14  feet  deep ;  and  the  fall  of  the  surface,  with 

3  inches  of  water  passing  over  the  weir  and  the  sluices 
down,  was  nearly  4  inches  in  the  length  of  half  a  mile. 
Having  seen  the  river  in  this  state  in  summer,  the 
Author  had  to  calculate  the  backwater  produced  by 
different  depths  passing  over  the  weir  in  autumn  and 
winter,  which  in  some  cases  of  extraordinary  floods 
were  known  to  rise  to  3  feet.  The  width  of  the 
channel  about  60  feet  above  the  weir  averaged  120  feet. 
The  width,  2060  feet  above  the  weir  and  660  feet  below 
the  mills,  was  narrowed  by  a  slip  in  an  adjacent  canal 
bank,  to  46  feet  at  the  level  of  the  top  of  the  weir,  the 
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average  width  at  this  place  as  the  water  rose  being  55 
feet.  The  channel  above  and  below  the  slip  widened 
to  80  and  123  feet.  Between  the  mills  and  the  weii' 
there  were,  therefore,  two  passes ;  one  at  the  slip, 
averaging  55  feet  wide  ;  another  above  the  weir,  abont 
120  feet  wide.  Assuming  as  above,  that  the  water  rises 
to  the  heights  due  to  weirs  55  and  120  feet  long,  at 
these  passes,  then,  by  an  easy  calculation,  or  by  means 
of  Table  X.,  the  heads  in  columns  two  and  four  of  the 
table  on  the  next  page  were  found,  corresponding  to  the 
assumed  ones  on  the  weir,  given  in  the  first  column. 

As  the  length  of  the  river  was  short,  and  the  hydraulic 
mean  depth  pretty  large,  the  fall  due  to  friction  for  60 
feet  above  the  weir  was  very  small,  and  therefore  no 
allowance  was  made  for  it ;  even  the  distance  to  the 
slip  was  comparatively  short,  being  less  than  half  a 
mile,  and  as  the  water  approached  it  with  considerable 
velocity,  this  was  conceived,  as  the  observations  after- 
wards showed,  to  be  a  sufficient  compensation  for  the 
loss  of  head  below  by  friction.  The  observations  were 
made  by  a  separate  party,  over  whom  the  Author  had 
no  control,  and  it  is  necessary  to  remark,  that  with  the 
same  head  of  water  on  the  weir,  they  often  differed 
more  from  each  other  than  from  the  calculation.  This, 
probably,  arose  from  the  different  directions  of  the 
wind,  and  the  water  rising  during  one  observation,  and 
falling  during  another. 

The  true  principle  for  determining  the  head  at  ^, 
Fig.  89,  apart  from  that  due  to  friction,  is  that  pointed 
out  at  pp.  186  and  141,  but  when  the  passes  ai'e  very 
near  each  other,  or  the  depth  d^y  Fig.  28,  is  small,  the 
effect  of  the  discharge  through  d^  is  inconsiderable  in 
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reducing  the  head,  as  the  contraction  and  loss  of  ms* 
viva  are  then  large,  and  the  head  d^  becomes  that  due 
to  a  weir  of  the  width  of  the  contracted  channel  at  a, 
nearly.     The  reduction  in  the  extent  of  the  backwater, 

TABLE  OF  CALCULATED  AND  OBSESYED  HEIGHTS  ABOVE  M*KEAM*8 
WEIR,   NEAR  BENBTJSB,   ON  THE  RIYEB  BLACKWATER. 


Heiffbteat 

ITKean'B 

weir  220  feet 

ininchiK 

Heights  60  feet  above  the 
weir  channel  ]  20  feet  wide. 

HelghtB  2060  feet  aboTe 

the  weir  channel  66  feet 

wide ;  average. 

Calculated 
inches. 

Obeerred 
inches. 

Oalciilated 
inches. 

Obaenred 
inches. 

14 

2 

8 

4 

5 

6 

7 

8 

9 

10 
11 
12 
18 
15 
18 
21 
24 

24 

... 

44 

6 

74 

9 

104 

12 

134 

15 

164 

18 

194 

224 

27 

314 

36 

2i 

•  ■  • 

•  •   B 

•  •  ■ 

•  •  • 

9 

104 

•  •  ■ 

12i 

•  •  • 

•  •  • 

17 

184 

21 

25 

294 

84 

4i 

■  •  • 

74 
10 

124 
15 

174 
20 

224 

24 

27! 

80; 

329 

S7f 

45| 

58 

604 

61 

•  •    • 

7 
9 

11* 
16i 

181 

204 

20i 

20 

24 

31 

38 

40 

46 

54 

62 

by  lowering  the  head  on  a  longer  weir,  is  found  by 
taking  the  difference  of  the  amplitudes  due  to  the  heads 
at  Qy  Fig.  89,  in  both  cases,  as  determined  from  equa- 
tions (56),  (128),  et  seq.  This  will  seldom  exceed  a 
mile  up  the  river,  as  the  surface  inclination  is  found  to 
be  considerably  greater  than  that  due  to  mere  friction 
and  Telocity,  and  hence  the  general  failure  of  drainage 
works  designed  on  the  assumption  that  the  lowering 
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of  the  head  below,  by  means  of  long  weirs,  extends  its 
effects  all  the  way  up  a  channel.  It  is  necessary  to 
treble  the  length  of  a  weir  before  the  head  passing  over 
can  be  reduced  by  one-half.  Table  X.,  even  supposing 
the  circumstances  of  approach  to  be  the  same  :  surely 
several  engineering  appliances  for  shorter  weirs,  during 
periods  of  flood,  would  be  found  far  more  effective  and 
much  less  expensive  than  this  alternative^  with  its 
extra  sinking  up  channel  and  enlarged  weir  basin  for 
drainage  purposes.* 

The  advocates  for  the  necessity  of  weirs  longer  than 
the  width  of  the  channel,  for  drainage  pulrposes,  must 
show  that  the  reduction  of  the  head  and  extent  of 
backwater  above  g.  Fig.  39,  is  not  small,  and  that  the 
effects  extend  the  whole  way  up  the  channel,  or  at  least 
as  far  as  the  district  to  be  benefited.  Practice  has 
heretofore  shown,  that  long  weirs  have  failed  (unless 
after  the  introduction  of  sluices  or  other  appliances)  in 
producing  the  expected  arterial  drainage  results,  not- 
withstanding the  increased  leakage  from  increased  ' 
length,  which  must  accompany  their  construction. 

The  deepening  in  the  weir  basin  a  &  b  £  a  is  mostly 
of  use  in  reducing  the  surface  inclination  between  a  h 
and  A  B  by  increasing  the  hydraulic  mean  depth ;  but, 
thereby,  the  velocity  of  approach  is  lessened,  and  there- 
fore the  head  at  £  increased^    When  the  length  of  a 

*  When  tliis  was  first  written,  in  1849,  the  Author  was  not 
acquainted  with  the  good  common  sense  appliances  of  moveable  weirs 
used  by  the  French,  which  raised  the  levels  at  low  water  to  admit  of 
navigation ;  and  being  removed,  or  falling  level  with  the  bottom  bed 
in  floods,  permitted  the  full  drainage  of  the  upper  riparian  lands,  when 
most  required. 
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weir  basin  a  £  exceeds  that  point  where  these  two  op- 
posite effects  balance  each  other,  there  will  be  a  gain 
by  the  difference  of  the  surface  inclinations  in  favour  of 
the  long  weir :  but  unless  a  £  exceeds  half  a  mile,  this 
difference  cannot  amount  to  more  than  one  or  two 
inches,  unless  the  river  be  very  small  indeed ;    and  if 


the  channel  be  atmk  for  the  long  weirs  b  a  or  b  Oi,  it 
should  (dso  be  sunk  to  at  least  the  same  depth  arid  extent 
for  ihe  short  weirs  b  e,  b  a,  otherwise  there  is  no  fair 
comparison  of  their  separate  merits.  The  effect  of  the 
widening  between  a  b  and  a  b,  the  depth  being  the 
same,  is  also  to  reduce  the  surface  inclination  from  a 
to  £ ;  but,  as  before,  unless  a  £  be  of  considerable 
length,  this  gain  will  also  be  smaU.  Now  a  b,  at  best, 
is  but  a  weir  the  direct  width  of  the  new  channel  at 
A  B,  and  if  the  length  a  £  be  considerable,  there  is  an 
entirely  new  river  channel  with  a  direct  weir  at  the 
lower  end,  and  the  saving  of  head  effected  arises  en- 
tirely from  the  larger  channel,  with  as  it  were  a  direct 
transverse  weir  at  the  lower  end. 

By  referring  to  Tabl£  VIII.,  it  will  be  found  that 
for  a  hydraulic  mean  depth  of  5  feet  a  fall  of  7^  inches 
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per  mile  will  give  a  velocity  of  2  feet  per  second ;  if 
of  double  the  depth,  a  fall  of  4  inches  will  give  the 
same  velocity ;  and  for  a  depth  of  only  2  feet  6  inches, 
a  fall  of  12}  inches  is  necessary.  This  is  a  velocity 
much  larger  than  we  have  ever  observed  in  a  deep 
weir  basin,  yet  it  is  easily  perceived  that  the  difference 
in  the  inclinations  for  a  short  distance,  e  a  of  a  few 
hundred  feet,  must  be  small.  If  one  section  be  double 
the  other,  the  hydraulic  mean  depth  remaining  con- 
stant, the  velocity  must  be  one-half,  and  the  fall  per 
mile,  one-fourth,  nearly.  This  would  leave  7 J  —  2 
=  6  J  inches  per  mile,  or  1  inch  per  1000  feet  nearly, 
as  the  gain  with  a  hydraulic  mean  depth  of  5  feet  for 
a  double  water  channel.  For  greater  depths  the  gain 
would  be  less,  and  the  contrary  for  lesser  depths. 

Is  the  saving  of  head  and  amplitude  of  backwater 
here  estimated  worth  the  increased  cost  of  long  weirs 
and  the  consequent  necessity  and  expense  of  sinking 
and  widening  the  channels  for  such  long  distances  ? 
Certainly  not ;  indeed,  any  extra  sinking  in  the  basin 
immediately  at  the  weir  is  absolutely  injv/ricms  by 
destroying  the  velocity  of  approach,  and  increasing  the 
contraction.  The  gradual  approach  of  the  bottom 
towards  the  crest,  shown  by  the  upper  dotted  line 
2»  E  in  the  section,  Fig.  89,  and  a  sudden  overfall,  will 
be  found  more  effective  in  reducing  the  head,  unless 
so  far  as  leakage  takes  place,  that  any  depth  of  sinking 
for  nearly  80  or  100  feet  above  long  weirs. 

In  most  instances,  the  extra  head  will  be  only  per- 
ceived by  an  increased  surface  inclination,  which  may 
extend  for  a  mile  or  more  up  the  channel,  according 
to  the  sinking  and  widening. 
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It  is  a  general  rule  that^  for  shorter  weirs,  the  co- 
efficients of  dischai^e  decrease ;  this  arises  from  the 
greater  amount  of  lateral  contraction,  and  is  more 
marked  in  notches  or  Poncelet  weirs,  than  for  weirs 
extending  from  side  to  side  of  the  channel ;  but  for 
weirs  exceeding  10  feet  in  length  the  decrease  in  the 
coefficients  from  this  cause  is  immaterial,  unless  the 
head  passing  over  bear  a  large  ratio  to  the  length ; 
and  it  may  be  seen  from  the  coefficients,  page  68, 
derived  from  Mr.  Blackwell's  experiments,  that  with 
10  inches  head  passing  over  a  2-inch  plank,  the  co- 
efficient for  a  length  of  8  feet  was  *614 ;  for  a  length 
of  6  feet  '589 ;  and  for  a  length  of  10  feet  '684 ; 
showing  a  decrease  as  the  weir  lengthens,  but  which 
may,  in  the  particular  cases,  be  accounted  for.  Other 
circumstances  which  modify  the  coefficients  were  before 
referred  to,  yet  it  may  be  assumed  generally,  without 
any  error  of  practical  value,  that  the  coefficients  are 
the  same  for  different  weirs  extending  from  side  to 
side  of  a  river.  If,  then,  w  and  Wi  be  put  for  the 
lengths  of  two  such  weirs,  the  relation  of  the  heads  d 
and  di  for  the  same  quantity  of  water  passing  over  is 
given  by  the  following  proportion : — 

d  :  di : :  tcl :  m;5  ; 
1 

and  therefore 

(185.)  d,  =  (^)*  X  d. 

By  means  of  this  equation^  Table  X.  has  been  calcu- 
lated ;  the  ratio  —  being  given  in  columns  1,  8,  5  and 

7,  and  the  value  of  f  —  P  ,  or  the  coefficient  by  which 
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d  is  to  be  multiplied^  to  find  ^  in  colnmns  2,  4,  6  and 
8»  It  appears  also,  that  if  the  heads  paamig  over  any 
weir  in  a  river  he  taken  in  an  arithmetical  progression, 
the  heads  then  passing  over  any  other  weir  in  the  same 
river  must  also  he  in  arithmetical  progression,  unless 
the  quantity  flowing  down  varies  from  erogaiion  or 
supply,  such  as  d/rawing  off  hy  mUlraces,  dkc.  If  e^  be 
the  coefficient  for  a  direct  weir,  '94  c^  "will  answer  for 
an  obliquity  of  45^,  and  '91  c^  for  an  angle  of  65°. 

In  the  first  edition  of  this  work  though  not  speciall}' 
mentioned,  the  observations  on  this  subject  had  general 
reference  to  the  weirs  constructed  across  the  Shannon 
at  Killaloe,  Meelick,  and  Athlone,  and    elsewhere. 
Since  then  the  failure  of  these  works  is  admitted  by 
all,  although  previously  the  author  stood  alone  in  as- 
serting that  they  should  fail.     To  expect  that  lowering 
the  head  by  extending  the  weir  would  extend  its 
results  for  miles  up  the  river,  showed  ignorance  of  the 
first  principles  of  river-engineering;    but  when  the 
surface  was  shown  actually  level  on  the  sections  from 
Killaloe  to  Meelick,  and  Meelick  to  Athlone  on  distances 
of  82  miles,  and  27  miles,  without  any  fall  to  give 
velocity  to  and  convey  oS.  the  waters  something  like 
wonder  must  be  felt.*     The  French  had  and  have 
several  expedients  for  keeping  up  the  summer  levels, 
all  founded  on  one  sound  principle,  viz. :  the  removal 
of  these  obstructions  before  and  during  floods.    In 
Les  Barrages  a  Hausses  Mohiles,^  the  separate  panels  or 

*  See  Flan  89,  Second  Boport,  and  Plans  Nos.  12  and  18  in  Fonrth 
Report  of  the  Shannon  Oommissionera. 

t  Vide  Mimoire  sor  les  barrages  a  Hausses  Molnles  par  lOL  Chanoine 
ingtinienr  en  chef  et  De  Lagr6ne,  ing^nieor  ordinaire  des  ponts  et 
chansses,  Paris,  1862. 
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doors  of  which  the  weir  is  made  up,  are  laid  lying  at 
the  bottom,  during  floods  ;  admitting  the  free  naviga- 
tion of  the  main  channel.  These  are  raised  in  summer, 
and  the  navigation  carried  on  by  means  of  a  lateral 
lock*  When  the  navigation  of  the  main  channel 
cannot  be  maintained  at  any  time,  sluices  which  lift 
entirely  out  of  the  water  are  perhaps  best,  as  they  can, 
for  most  rivers,  be  made  up  to  80  feet  in  width,  as  in 
patent  of  Mr.  F.  O.  M.  Stoney.  The  advantage  of 
both  these  designs  is,  that  the  fall  at  the  site  is  avail- 
able in  full,  not  only  to  discharge  the  water  freely 
through  its  own  depth,  but  also  to  give  extra  velocity 
and  discharge  to  the  under  water  thence  down  to  the 
bottom,  as  in  Fig.  22,  if  the  weir  were  removed.  The 
use  of  the  syphon  (see  equations  (154  to  154  V)  infra^) 
assumes  the  necessity  for  the  fixed  weir;  but  this 
appliance  can  at  no  time  discharge  a  greater  amount 
of  water  than  that  due  to  the  head  or  difference  of 
levels,  but  always  less ;  and  it  has  no  effect  in  increas- 
ing the  discharge  between  the  lower  surface  of  the 
water  and  the  bottom,  which  both  the  other  designs 
have,  and  very  considerably  augment.    See  Section  V. 


SECTION  XL 

BENDS  AND  CUBVES.  —  BRANCH  PIPES.  —  DIFFERENT 
LOSSES  OF  HEAD. GENERAL  EQUATION  FOR  FIND- 
ING THE  VELOCITY. — ^HYDROSTATIC  AND  HYDRAULIC 
PRESSURE. — PIEZOMETER. — SYPHONS. 

The  resistance  or  loss  of  head  due  to  bends  and 

curves  has  now  to  be  considered.      If  a  bent  pipe, 

u  2 
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F  B  c  D  E  G,  Fig.  40,  be  fixed  between  two  cisterns,  so 

as  to  be  capable  of 
revolving  round  in 
collars  at  f  and  o, 
the  time  the  water 
takes  to  sink  a  given 
distance  from  /  to 
F  in  the  upper  cis- 
tern is  found  to  be  the  same,  whether  the  tube  occupy 
the  position  shown  in  the  figure  or  the  horizontal 
position  shown  by  the  dotted  line  Yhcdeo*  This 
shows  that  the  resistances  due  to  friction  and  to  bends 
are  independent  of  the  pressure.  If  the  tube  were 
straight,  the  discharge  would  depend  on  the  length, 
diameter  and  difference  of  level  between  /  and  g,  and 
may  be  determined  from  the  mean  velocity  of  discharge, 
found  from  Table  VIII.  or  equation  (79).  Here, 
however,  it  is  necessary  to  take  into  consideration 
the  loss  sustained  at  the  bends  and  curves,  and 
our  illustration  shows  that  it  is  imaffected  by  the 
pressure. 

The  experiments  of  Bossut,  Du  Buat,  and  others, 
show  that  the  loss  of  head  from  bends  and  curves — 
like  that  from  friction — ^increases  as  the  square  of  the 
velocity ;  but  when  the  curves  have  large  radii,  and 
the  bends  are  very  obtuse,  the  loss  is  very  small. 
With  a  head  of  nearly  8  feet,  Venturi's  twenty-third 
experiment,  when  reduced,  gives — ^for  a  short  straight 
tube  15  inches  long,  and  1^  inch  in  diameter,  having 
the  junction  of  the  form  of  the  contracted  vein  very 
nearly  '873  for  the  coefficient  of  discharge.  When  of 
the  same  length  and  diameter,  but  bent  as  in  Diagram 
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I.^  Fig.  40,  the  coefficient  is  reduced  to  *785 ;  and 
when  bent  at  a  right  angle  as  at  h.  Fig.  40,  the  co- 
efficient is  farther  reduced  to  *560.  In  these  respec- 
tive cases  we  have  therefore  * 


1.         v  =  -873  V2gh,  and  ft  =  1-812  X 


v^ 


2,         v  =  -785  VToX  and  A  =  1-628  x  ^ 

— —  f^ 

V  =  -560  V  2  5f  A,  and  fe  =  3*188  x  ^ 


8. 


9 
showing  that  the  loss  of  head  in  the  tube  h,  Fig.  40, 

from  the  bend,  is  1*876  X  p--,  or  nearly  double  the 

^9 
theoretical  head  due  to  the  velocity  in  the  tube.     The 

loss  of  head  by  the  circular  bend  is  only  '811—  , 

or  not  quite  one-sixth  of  the  other* 

Mr.  Mallet's  experiments  with  a  syphon  tube  6^'  x 
^¥\  about  3  feet  long,  suited  for  weir-crests  and  a 
straight  tube  of  the  same  dimensions  every  way  gives 
coefficients  from  -860  to  '874  due  to  the  bend. 

Du  Buat  deduced,  from  about  twenty-five  experi- 
ments, that  the  head  due  to  the  resistance  in  any  bent 
tube  ABCDEFGH,  diagram  1,  Fig.  41,  depends  on 
the  number  of  deflections  between  the  entrance  at  a 
and  the  departure  at  h;  that  it  increases  at  each 
deflection  as  the  square  of  the  sine  of  the  deflected 

*  It  is  stated  that  tlie  time  necessaiy  for  the  discharge  of  a  ^ven 
quantity  of  water  through  a  straight  pipe  being  1,  the  time  for  an 
equal  qusntity  through  a  curve  of  90^  would  be  1*11,  with  a  right 
angle  1*57 ;  two  right  angles  would  increase  the  time  to  2*464,  and  two 
curved  junctions  to  only  1*23.  Vide  Rbfobt  on  the  Supply  op 
Water  to  the  Metropolis,  p.  237,  Appendix  No.  8. 
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angle,  abb  for  instance,  and  as  the  square  of  the 
velocity ;  and  that  if  ^,  ^i,  <^2,  ^3,  &c.,  be  the  number 
of  degrees  in  the  angles  of  deflection  at  b,  c,  d,  e,  &c., 


then  for  measures  in  French  inches  the  height  fei,,  due 

to  the  resistance  from  curves,  is 

noa\       %  _tJ^(sin.V+sin.Vi  +  sin.*<^+sin.^<^  +  &c.) 

(136.)  h^ g^—    

which  for  measures  in  English  inches  becomes 

f-i^rr^       I,   _t?'(sin.'<f)  +  sin.'<fc  +  sin.V2+ sm.VaH- &c.) 
(137.)       K gjgy 

and  for  measures  in  English  feet, 

/1QQ^       L  _«^(sin.V+sin.^<^i+8in.^<^2+sin.V3+&c,) 
(138.)       m, 266^^ 

or,   as  it  may  be  more  generally  expressed  for  all 

measures, 

(139.)     Ab  =  (sin.*^  +  sin.^^i  +  sin.^<^2  +  sin.  <^3  +  &c.) 

X  ^^,  in  which  -^^r-=  ^ir  =   '00375  t;^  in 
8-27  5f  8-27  flr       266*4 

feet. 

The  angle  of  deflection,  in  the  experiments  from 

which  equation  (136)  is  derived,  did  not  exceed  86°. 

It  has  already  been  shown  that  the  loss  of  head  from 

the  circidar  bend  in  diagram  I.,  Fig.  40,  where  the 
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angle  of    deflection    is    nearly  45°,  is  '811  -^  = 

•00488  t;*,  but  as  the  sin.  45°  =  -707 ;  sin.*45°  =;:  -6 
then  -00488  f?  =  -00966  v^  x  sin.*  45°,  or  more  than 
two  and  a  half  times  as  much  as  Du  Buat's  formula 
would  give;  and  if  it  be  compared  with  Bennie's 
experiments,*  with  a  pipe  15  feet  long,  ^  inch  diameter, 
bent  into  16  curves,  each  8^  inches  radius,  it  would  be 
found  that  the  formula  gives  a  loss  of  head  not  much 
more  than  one  half  of  that  which  may  be  derived  from 
the  observed  change,  -419  to  *870  cubic  feet  per 
minute  in  the  discharge.     See  p.  298. 

Dr.  Young  t  first  perceived  the  necessity  of  taking 
into  consideration  the  length  of  the  curve  .and  the 
radius  of  curvature.  In  the  twenty-five  experiments 
made  by  Du  Buat,  he  rejected  ten  in  framing  his 
formula,  and  the  remaining  fifteen  agreed  with  it  very 
closely.    Dr.  Toung  found 

nAf\\                L         '0000046  4>  f^  X  rr^ 
(140.)  ftb  = 51i: ; 

P 
where  4>  is  the  number  of  degrees  in  the  curve  n  p, 

diagram  2,  Fig.  41,  equal  the  angle  n  o  p  ;  p  =  o  n 

the  radius  of  curvature  of  the  axis ;  h^  the  head  due 

to  the  resistance  of  the  curve,  and  t;  the  velocity,  all 

expressed  in  French  inches.     This  formula  reduced 

for  measures  in  English  inches  is 

,..1  .              ,       -0000044^^  X  t? 
(141.)  fci,  = p^ ; 

P 
and  for  measures  in  English  feet, 

*  Philosophical  TransactionB  for  1831,  p.  438. 

t  Philoiophical  Transactioiis  for  1808,  pp.  173—175. 
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(142.)  K  =  '000Q06«>^x^, 

P 
Equation   (140)   agrees  to  -^V^h  of  the  whole  "with 

twenty  of  Du  Bufit's  experiments,  his  own  formula 

agreeing,  so  closely,  with  only  fifteen  of  them.    The 

resistance  mast  evidently  increase  with  ^the  nnmber 

of  bends  or  curves ;  but  when  they  come  close  upon, 

and  are  grafted  into  each  other,  as  in  diagram  1, 

Fig.  41,  and  in  the  tube  f  b  c  d  £  g,  Fig.  40,  the 

motion  in  one  bend  or  curve  immediately  affects  those 

in  the  adjacent  bends  or  curves,  and  this  law  does 

not  hold. 

Neither  Du  Buat  nor  Young  took  any  notice  of 

the  relation  that  must  exist  between  the  resistance 

and  the  ratio  of  the  radius  of  curvature  to  the  radius 

of  the  pipe.  Weisbach  does,  and  combining  Du  Bu&t's 

experiments  with  some  of  his  own,  found  for  circular 

tubes, 

and  for  quadrangular  tubes, 

(144.)    *..  =  4x{-124  +  8-104(2±y}xJL; 

in  which  ^  is  equal  the  angle  n  o  p  =  k  i  b,  diagram  2, 
Fig.  41 ;  d  the  mean  diameter  of  the  tube,  and  p  the 

radius  n  o  of  the  axis.    When  ^r—  exceeds  '2,  the  value 

Ap 

of  -131  +  1-847  (^y  exceeds  -124  +  8*104  (AV  , 

and  the  resistance  due  to  the  quadrangular  tube  ex- 
ceeds that  due  to  the  circular  one.  The  author 
arranged  and  calculated  the    following  table  of  the 
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nnmerical  yalues  of  these  two  expressions  for  the 
more  easy  application  of  equations  (143)  and  (144). 
This  table  will  be  found  of  considerable  use  in  cal- 
culating the  yalues  of  equations  (148)  and  (144)^  as 
the  second  and  fifth  columns  contain  the  values  of 

•181  +  1-847  (  ^  y,  and  the  third  and  sixth  columns 

the  yalues  of  '124  +  8104  (— —  V,  corresponding  to 

different  yalues  of  ^r— ;  and  it  is  carried  to  twice  the 
extent  of  those  given  by  Weisbach. 

TABLE  OF  THE  VALTTES  OF  TIIE  EZPRESSIONB. 

•181  +  1-147  (^  y  and  -124  +  8  104  I  A.  \K 


d 

Circular 

QoAdrKQffular 

d 

Circular 

Qusdrsagular 

^p' 

tabes. 

tabes. 

2p- 

tubes. 

tubes. 

•1 

•181 

•124 

•6 

•440 

•648 

•15 

•138 

•128 

•65 

•640 

•811 

•2 

•188 

•185 

•7 

•661 

1015 

•25 

•146 

•148 

•75 

•806 

1*268 

•8 

•158 

•170 

•8 

•977 

1-645 

•35 

•178 

•208 

•85 

1177 

1-881 

•4 

•206 

•260 

•9 

1-408 

2-271 

•45 

•244 

•814 

•95 

1-674 

2-718 

•5* 

•294 

•398 

1-00 

1-978 

8-228 

For  bent  tubes,  diagrams  8,  4,  and  5,  Fig.  41 ,  the 
loss  of  head  is  considerably  greater  than  for  rounded 
tubes.    If>  as  before,  the  angle  n  i  r  be  put  equal  to 


*  The  values  corresponding  to  —  s  '55  are  '850  and  -607  for  cir- 

2p 

cular  and  qnadrangular  tubes. 
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<f>,iB,  being  at  right  angles  to  i  o  the  line  bisecting  the 
angle  or  bend,  then,  by  decomposing  the  motion,  the 

head  — -  becomes  ;r —  x    cos.*  4>  from  the  change  of 

direction ;  and  therefore  a  loss  of  head 

(145.)   h  =  (1  -  C0S.2  2  4>)^  =  sin.«  2<f>^ 

must  take  place.     When  the  angle  is  a  light  angle, 

as  in  diagram  4,  cos.  2^  =  0,  and  A,,  =r  ---  ;  that  is 

^9 
to  say,  the  loss  of  head  is  exactly  equal  to  the  theore- 
tical head.    When  the  angle  or  bend  is  acute,  as  in 

diagram  5,  the  loss  of  head  is  (1  +  cos.*  2  <^)  — -,  for 

^9 
then  COS.  2  4>  becomes  negative.     Weisbach  does  not 

find  the  loss  of  head  in  a  right  angular  bend  greater 

than  "984  -r—  ;   while  Venturi's  twenty-third  experi- 

^9 
ment,  made  with  extreme  care,  p.  293,  shows  the  loss 

to  be  l'876:r— .    When  the  pipes  are  long,  however, 
2g 

the  value  of  =^  is  in  general  small,  and  this  correc- 

2g 

tion  does  not  affect  the  final  results  in  any  material 
degree. 

Bennie's  experiments,*  with  a  pipe  15  feet  long,  \ 
inch  in  diameter,  and  with  4  feet  head,  give  the  dis- 
charge per  second 

Cubic  Feet. 

1.  Straight,  see  table,  p.  146 .     .     .     "00699 

2.  Fifteen  semicircular  bends     .     .     '00617 


Philosophical  TransactioDB  for  1831,  p.  438. 
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8.  One  bend,  a  right  angle  8^  inches 

from  the  end  of  the  pipe       .     .     'OOSSe 

4,  Twenty-four  right  angles  .     .     .     '00258 
From  these  data  may   be    fomid  consecutively,  the 
theoretical  discharge  being    '021885   cubic  feet  per 

second,  and  the  theoretical  head  Hm  -^  ,  that 

, ^'  ^ 

1.     V  =  '819  V  2  ^  H,  and  therefore  h=    9*82  x  ^  - . 

,    2.     V  —  '282  V  2  (7  H,     „  „      H=  12-68X2    5 

, v« 

3.  V  =  '254  V  2  17  H,  and  therefore  h  =  16*50  x  ^"r ' 

4.  V  =  '116  V2flf  H,  „  „  H  =  74-84  x  g- . 
The  loss  of  head,  therefore,  by  the  introduction  of 
15  semicircular  bends,  is  2-76  o~~;  by  the  introduction 

of  one  right  angle,  5-68  ^~  i  ai^d  by  the  introduction 

•f 

of  24  right  angles,  64-62  o" »  or  about  12  times  the 

if 

loss  due  to  one  right  angle.  This  shows  that  the 
resistance  does  not  increase  as  the  number  of  bends, 
as  was  before  remarked,  p.  275,  when  they  are  close  to 
each  other.     The  loss  of  head  from  one  right  angle, 

5-68  o~"»  is  more  than  double  the  loss  from  16  semi- 
2  a 

circular  bends,  or  2*76  h~«      The  loss  of  head  for  a 

2^ 

right  angular  bend,  determined  from  Venturi's  experi- 


r^      .         -...„-        .       .     t? 


J 


ment,  is  1*876  q—  ;  formula  (145)  makes  it  -a—  ;  and 
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Weisbach's  empirical  formula,  ('9457  sin.  <^  +  2-047 
sin.*  ^)  s— ,  makes  it  only  '984  ^.       The  formulaB 

now  in  use  give,  therefore,  results  considerably  imder 
the  truth.  It  appears  therefore,  that  the  amount  of 
the  velocity  oi  the  water  moving  directly  towards  the 
bend  must  be  taken  into  consideration,  and  also  the 
loss  of  mechanical  effect  from  contraction,  and  eddies 
at  it,  as  well  as  the  loss  arising  from  the  mere  change 
of  direction. 

BRANCH  PIPES. 

When  a  pipe  is  joined  to  another,  the  quantity  of 
water  flowing  below  the  junction  b,  diagram  1,  Fig.  42, 
must  be  equal  to  the  sum  of  the  quantities  flowing  in 


the  upper  branches  in  the  case  of  supply;  and  when 
the  branch  pipe  draws  off  a  portion  of  the  water,  as 
in  diagram  2,  the  quantity  flowing  above  the  junction 
must  be  equal  to  the  quantities  flowing  in  the  lower 
branches.  Both  cases  differ  only  in  the  motion  being 
from  or  to  the  branches,  which,  in  pipes,  are  generally 
grafted  at  right  angles  to  the  main,  for  practical  con- 
venience, as  shown  at  h  b,  and  then  carried  on  in  any 
given  direction.     The  loss  of  head  arising  from  change 
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of  direction,  equation  (146),  is  sin.'  2  ^  ^,  in  which 

2  <^  =  angle  a  b  o ;  but  as  in  general  2  ^  is  a  right 
angle  for  branches  to  mains,  this  source  of  loss  becomes 

then  simply   ^ — •    ^  addition  to  this,  a  loss  of  head 

is  sustained  at  the  junction,  from  a  certain  amount  of 
force  required  to  unite  or  separate  the  water  in  the 
new  channel.  In  the  case  of  drawing  off,  diagram  2, 
this  loss  was  estimated  by  D'Aubisson,  from  experi- 
ments by  Genie  ys,  to  be  about  twice  the  theoretical 

21/** 
head  due  to  the  velocity  in  the  branch,  or  5 — »    so 

that  the  whole  loss  of  head  arising  from  the  junction  is 

V*     2t;*     St?" 

rt— +f»~  =  o — >  or  three  times  the  theoretical  head  due 

to  the  velocity.  In  the  case  of  supply,  the  loss  is  pro- 
bably nearly  the  same.  The  actual  loss  is,  however, 
very  uncertain ;  but,  as  was  before  observed  when  dis- 
cussing the  loss  of  head  occasioned  by  bends,  two  or 

three  times  h —  is  ^  general  so  comparatively  small, 

that  its  omission  does  not  materially  affect  the  final 
results.  A  loss  also  arises  from  contraction,  &c.  See 
pp.  171,  172. 

The  calculations  for  mains  and  branches  become 
often  very  troublesome,  but  they  may  always  be  simpli- 
fied by  rejecting  at  first  any  minor  corrections  for  con- 
traction at  the  orifice  of  entry,  bends,  junctions,  or 
curves.  If,  in  diagram  2,  Fig.  42,  h  be  put  for  the 
head  at  b,  or  height  of  the  surface  of  the  reservoir 
over  it ;  h^^  for  the  fall  from  b  to  a  ;  h^  for  the  £Edl 
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from  B  to  D ;  Z  equal  the  length  of  pipe  from  b  to  the 
reservoir ;  Z»  equal  the  length  b  a  ;  l^  equal  the  length 
B  D ;  r  equal  the  mean  radius  of  the  pipe  b  c ;  r,  the 
mean  radius  of  the  pipe  b  a  ;  r^  the  mean  radius  of 
B  D ;  i;  the  mean  velocity  in  b  c ;  r;»  the  velocity  in 
B  A ;  and  v^  the  velocity  in  b  d,  we  then  find,  by  means 
of  equation  (78),  the  fall  from  the  reservoir  to  a 
equal  to 

(146.)  A+A.=(c,  +  c,xi)^+(l  +  c,x^)^; 
the  fall  from  the  reservoir  to  d  equal  to 

(147.)   h+ K={c,  +  0.  X  i)  J^+(i  + .;  X  'f)  |i,. 

and,  as  the  quantity  of  water  passing  from  c  to  b  is 

equal  to  the  sum  of  the  quantities  passing  from  b  to 

A  and  from  b  to  d, 

(148.)  V  7^=v^  rl+v^  r|. 

By  means  of  these  three  equations  any  three  of  the 

quantities  A,  h^  h^,  r,  r.,  r^,  6,  b^,  6^,  can  be  found,  the 

others  being  given.    Equations  (146)  and  (147)  may 

be  simplified  by  neglecting  c„  the  coefficient  due  to  the 

orifice  of  entry  from  the  reservoir,  and  1,  the  coefficient 

of  velocity.     They  will  then  become 

(148A.)      h+K=c,^(lxfyf^x^), 
and 

(149.)      M.=c,x(l^f^+^^x^). 
The  mean  value  of  c,  for  a  velocity  of  4  feet  per 
second  is  -005741,  and  of  —,  -0000891.    The  values 
for  any  other  velocities  may  be  had  from  the  table  of 
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coefficients  of  friction  given  at  p.  229.    When  Z,  A, 
and  r  are  given,  the  velocity  v  can  be  had  from  the 

equation^  i;  =  \~r  y^^T  h  ^^  more  immediately  from 
Table  VIII. 


GENERAL  EQUATION  FOR  THE  MEAN  VELOCITY, 

A  general  equation  for  finding  the  whole  head  h, 
and  the  mean  velocity  v,  in  any  channel;  and  to 
extend  equations  (78)  and  (74)  so  as  to  comprehend 
the  corrections  due  to  bends,  curves,  &c.,  can  now  be 
given.  Designating,  as  before,  the  height  due  to  the 
resistance  at  the  orifice  of  entry  by 

h,  and  the  corresponding  coefficient  by  e, ; 

hf  the  head  due  to  friction,  and  c,  the  coefficient  of  friction ; 

h^  the  head  due  to  bends,  and  c^  the  coefficient  of  bends ; 

\  the  head  dne  to  cnnres,  and  c.  the  coefficient  of  curves  ; 

\  the  head  due  to  er^gation,  and  e.  the  coefficient  of  erogation  * 

\  the  head  due  to  other  resistances,  and  c,  their  mean  coefficient 

then  evidently 

(150.)  H  =  fc,  +  *f  +  Ab  +  fto  +  *•+  ^+  2^; 

that  is  to  say,  by  substituting  for  %„  /;„  &c.,  their 
values  as  previously  found, 

^   v^  I       v^  v^ 

^^x2gr  ^g  2f/' 
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or,  more  briefly, 

/  I  \  ^ 

(151.)      H=(l  +  C,  +  Cj  X  -  +  C„  +  Cc  +  Ce  +C,j  ^l 

from  which  may  be  found 

i _2lH U 

(152.)    «=ji  +  c,  +  c.xUc,  +  c,  +  c.  +  c,(  • 

It  is  to  be  observed  here,  that  for  very  long  uniform 
channels,  the  value  of  the  mean  velocity  will  be  found 

{2  g  r  H ) J 
— '  7  r  ,  as  the  other  resist- 
ances and  the  head  due  to  the  velocity  are  all  trifling 
compared  with  the  friction,  and  may  be  rejected  without 
error ;  but,  as  before  stated,  it  is  advisable  in  practice, 
when  determining  the  diameter  of  pipes,  p.  246,  to 
increase  the  value  of  Cf,  table,  p.  229,  or  to  increase 
the  diameter  found  from  the  formula  by  one-sixth, 
which  will  increase  the  discharging  power  by  one-half. 
See  Table  XIII. 

In  equations  (74)  and  (151),  the  coefficient  of  fric- 
tion Cf  depends  on  the  velocity  v,  and  its  value  can  be 
found  from  an  approximate  value  of  that  velocity  from 
the  small  table  at  p.  229.  If,  however,  both  powers 
of  the  velocity  be  used,  as  in  equation  (88),  then,  when 
H  is  the  whole  head,  and  h  the  head  from  the  surface 
to  the  orifice  of  entry 

{av  +  hv^-  +(1+  C)  1^  +  ft  =  H, 

a  quadratic  equation  from  which  is  found 

v^{       (H-»2jr        .   /  gal  yU,  gtd 
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for  a  more  general  value  of  the  velocity  than  that  given 
in  equation  (74).  If  now  c,  be  put  equal  to  c,  +  C|> 
+  Cc  +Ce  +  Cx,  in  equation  (151)  we  shall  find 

(152A.)     v=\       (H-*)2yr      4./.    gal _       \«U_  9<»l,___ 

for  a  more  general  e^^pression  of  equation  (152),  when 
the  simple  power  of  the  velocity,  as  in  equation  (83), 
is  taken  into  consideration.  For  measures  in  English 
feet,  a  =  '0000223  and  b  =  -0000854,  may  be  taken, 
which  correspond  to  those  of  Sytelwein,  in  equation 
(97).  The  value  of  a  is  the  same  in  English  as  in 
French  measures  ;  but  the  value  of  6  in  equation  (83), 
for  measures  in  metres,  must  be  divided  by  3*2809  to 
find  its  corresponding  value  for  measures  in  English 

feet.     In  considering  the  head  -^  c„  due  to  contrac- 

if 

tion  at  the  orifice  of  entry  as  not  implicitly  comprised 
in  the  primary  values  of  a  and  b,  equation  (83),  Eytel- 
wein  is  certainly  more  correct  than  D'Aubuisson,  Traite 
d'Hydraulique,  pp.  223  et  224,  as  this  head  varies 
with  the  nature  of  the  junction,  and  should  be  con- 
sidered in  connection  with  the  head  due  to  the  velocity, 
or  separately.  It  can  never  be  correctly  considered  as 
a  portion  of  the  head  due  to  friction.  In  all  Du 
Buat's  experiments,  this  head  was  considered  as  a 
portion  of  that  due  to  the  velocity,  and  the  whole 

head,  (1  +  c,)  o— ,  deducted  to  find  the  head  due  to 

^  9 

friction  and  thence  the  hydraulic  inclination.  The 
following  values  of  a  and  b  were  those  taken  in  the 
equations  referred  to. 


806 


THE  DISC H ABBE  OF  WATER  FROM 


VALUES   OF  a  AND  h  FOB   BCEASUBES    IN  ENGLISH   FEET. 


a. 
Equation    (88.)  *0000446. 
(90.)  -0000178 
(94.)  -0000248 
(98.)  -0000228 
(109.)  -0000189 
(111.)  -0000241 
(114.)  -0000085 
Mean  values  for  all^ 
straight  channels,  V  -0000221 
pipes,  or  rivers   . ) 
These  mean  values  of  a  and  b  give  the  equation 

r  «  =  -0001040  V   +  -0000221  v, 
from  which  we  find 

9615  r  «  =  V   +  -21  r, 
and  thence 

(158.)  V  =  (9615  rs  +  -011)*--105  =  98  V rl  -'1, 
very  nearly,  suited  to  velocities  of  about  2  feet,  p.  281. 


h. 
•0000944 
•0001061 
•0001114 
•0000854 
•0001044 
•0001114 
•0001150 

•0001040 


HYDROSTATIC  AND  HYDRAULIC  PRESSURE. — PIEZOMETER. 

When  water  is  at  rest  in  any  vessel  or  channel,  the 
pressure  on  a  unit  of  surface  is  proportionate  to  the 
head  at  its  centre,*  measured  to  the  surface,  and  is 
expressed  in  lbs.  for  measures  in  feet,  by  62*5  h  s,  in 

*  This  18  only  correct  when  the  surface  is  small  in  depth  compared 
with  the  head.  If  H  be  the  depth  of  a  rectangolar  surface  in  feet,  and 
also  the  head  of  water  measured  to  the  lower  horizontal  edge,  then  the 
pressure  in  lbs.  is  expressed  by  81}  h'  ;  and  the  centre  of  preasure  is 
at  frds  of  the  depth. ' 
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which  H  is  the  head,  and  s  the  surface  exposed  to  the 
pressure,  both  in  feet  measures.  This  is  the  hydro- 
static  pressure.  In  the  pipe  a  b  c  d  f  e,  Fig.  48,  the 
pressure  at  the  points  b,  c,  d,  f,  and  e,  on  the  sides  of 
the  tube  will  be  respectively  as  the  heads  b  &,  c  c,  d  d, 
f/,  and  E  «,  if  all  motion  in  the  tube  be  prevented  by 


F 


b c .4 X./**^ 


stopping  the  discharging  orifice  at  £•  In  this  case  the 
pressure  is  a  maximum  and  hydrostatic;  but  if  the 
discharging  orifice  at  e  be  partially  or  entirely  open, 
a  portion  of  each  pressure  at  b,  c,  d,  f,  &c.,  is  absorbed 
in  overcoming  the  different  resistances  of  friction, 
bends,  &c.,  between  it  and  the  orifice  of  entry  at  a, 
and  also  by  the  velocity  in  the  tube,  and  the  difference 
is  the  hyd/ravlic  pressure, 

Bernoulli  first  showed  that  the  head  due  to  the 
pressure  at  any  point,  in  any  tube,  is  equal  to  the 
effective  head  at  that  pointy  minus  the  head  due  to  the 
velocity.  When  the  resistances  in  a  tube  vanish,  the 
effective  head  becomes  the  hydrostatic  head,  and  by 
representing  the  former  by  h^  and,  adopting  the  nota- 
tion in  equation  (160), 

Ae£  =  H  —  (A,  +  *f  +  *o  +  &C.), 

X  2 


308  THE  DISCHARGE  OF   WATER  FROM 

and  consequently  the  head  due  to  the  hydraulic  pres- 
sure equal 

(158a.)     h^=ha—  g— =H— (A,+fet+Ab+&c.)-  2"^" 

If  small  tubes  be  inserted,  as  shown  in  Fig.  48,  at 
the  points  b,  c,  d,  and  f,  the  heights  b  y,  c  c^,  d  cP, 
F  f^y  to  which  the  water  rises,  will  be  represented  by 
the  corresponding  values  of  h^  in  the  preceding  equa- 
tion ;  and  the  difference  between  the  heights  c  c^,  f/^, 
at  G  and  f,  for  instance,  added  to  the  fall  from  c  to  f 
will,  evidently,  express  the  head  due  to  all  the  resist- 
ances between  c  and  f.  When  h  =  e  «,  and  the 
orifice  at  e  is  open,  from  equation  (150),  h  =  A,+ft, 

+  Ab  +  ^0  +  &c.  +    o — 9    fi^d   therefore    ftp   =   0, 

^  g 

that  is,   the  pressure   at  the   discharging  orifice   is 

nothing. 

The  vertical  tubes  at  b,  c,  d,  f,  when  properly' 

graduated,  are  termed  piezometers  or  pressure  gauges ; 

they  not  only  show  the  actual  pressure  at  the  points 

where  placed,  but  also  the  difference  between  any  two ; 

D  d^— B  6^,  for  instance,  added  to  the  difference  of 

head  between  d  and  b,  or  d  tP  will  give  d  d^  —  b  6* 

+  D  d^  for  the  head  or  pressure  due  to  the  resistances 

between  b  and  d.     This  instrument  affords,  perhaps, 

the  very  best  means  of  determining  the  loss  of  head 

due  to  bends,  curves,  diaphragms,  &c.     The  loss  of 

head  due  to  friction,  bend,  diaphragm,  &c.,  between 

K  and  L,  Fig.  48,  is  equal  to  k  i  —  l  Z  +  k  v.     Km 

be  the  same  distance  from  l  as  e  is,  l  2  —  m  m  will  be 

the  height  due  to  the  friction  (l  and  m  being  on  the 

same  level) ;  therefore  kA:  —  Li-hKt?  —  l  I  +  um 
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=  K  i  +  Kt?  +  Mm  —  2LZis  the  head  due  to  the 
diaphragm  and  bend  both  together.  If  the  diaphragm 
be  absent,  the  head  due  to  the  bend  is  found,  and  if 
the  bend  be  absent,  the  head  due  to  the  diaphragm  is 
had  in  like  manner. 

When  the  discharging  orifice,  as  at  e,  is  quite  open, 
we  have  seen  that  the  pressure  there  is  zero;  but 
when,  as  at  g,  it  is  only  partly  open,  this  is  no  longer 
the  case,  and  the  hydraulic  pressure  increases  from 
zero  to  hydrostatic  pressure,  as  the  orifice  decreases 
from  the  full  section  to  one  indefinitely  small  compared 
with  it.  A  piezometer,  placed  a  short  distance  inside 
G,  will  give  this  pressure  ;  and  the  difference  between 
it  and  the  whole  head  will  be  the  head  due  to  the 
resistances  and  velocity  in  the  pipe  :  from  which,  and 
also  the. length  and  diameter,  the  discharge  maybe 
calculated  as  before  shown.  Again,  by  means  of  the 
head  m  m\  and  that  due  to  the  velocity  of  approach, 
the  discharge -may  be  found  through  the  diaphragm  g; 
see  equation  (45)  and  the  remarks  following  it.  This 
result  must  be  equal  to  the  other ;  and  in  this  way  the 
formulae  may  be  tested  anew  or  corrected  by  the 
observed  results. 

The  velocity  of  discharge  of  the  tube  a  c  d  e,  may 
be  calculated  by  means  of  any  piezometric  height 
c  c* ;   for  by  putting  the  whole  fall  from  c*  to  e  equal 

to  hJ,  then,  disregarding  bends,  ^  =  ]     *    n  "^  [  ,   in 

which  IJ  =  c  E.  This  is  evident  from  equation  (152), 
as  it  is  supposed  that  no  part  of  the  head  is  absorbed 
in  generating  velocity,  or  in  overcoming  the  resistance 
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of  bends.    If  the  bend  at  d  were  taken  into  conaidera- 
tion,  then  v  = 


SYPHONS. 

If  one  end  of  an  open  tube  be  placed  in  water  and 
the  air  withdrawn,  the  water-  will  rise  and  fill  the  tube 
to  a  height  corresponding  to  the  atmospheric  pressure 
at  the  time,  but  in  practice  it  is  advisable  to  reduce 
this  to  about  26  feet.  When  the  tube  is  bent,  as  o  c  b 
in  diagrams  1, 2, 8  and  4,  Fig.  48a,  water  can  be  raised 
to  this  height  over  the  level  of  that  on  the  side  c  o 
and  discharged  at  any  lower  level  on  the  side  c  r. 
The  available  head  or  pressure  /  is  the  difference  of 
level  between  the  upper  and  lower  water  when  the 
latter  rises  over  the  end  r;  and  when  below  r, 
Ai  =  fe  +  /,  or  the  diflference  of  level  between  the 
upper  water  and  the  lower  end  of  the  bent  tube  or 
syphon  is  the  head.  It  is  advisable  to  have  the  lower 
end  R  immersed,  and  hence  c  r  longer  than  c  o,  but 
this  is  not  essential ;  as  long  as  there  is  an  effective 
head  the  arms  may  be  of  the  same  or  unequal  lengths, 
and  the  water  will  flow  off  at  r,  from  the  syphon  o  c  r, 
as  well  as  at  r  from  the  syphon  o  c  r,  but  with  the 
difference  of  velocity  due  to  the  heads  at  r  and  r. 
The  lengths  of  the  arms  c  o,  c  r,  are  however  made  to 
suit  the  circumstances  of  each  case.  In  diagram  1 
the  upper  water  is  at  the  top  of  the  syphon ;  in  2  below 
it ;  in  8  above  it.  In  diagram  4  the  arms  of  the 
fij7)hon  are  of  the  same  length  and  the  orifice  of  entry 
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o  aDd  of  discharge  r  at  the  same  level.  The  water  in 
both  vessels  finally  settles  at  a  common  level  t  t*,  and 
fills  the  syphon  all  romid  in  which  it  is  maintained  at 


rest  by  the  atmospheric  pressure  on  the  surface  of  the 
common  level  t  t". 

In  calculating  the  discharge  the  circumstances  to  be 
considered  are  :  The  available  or  effective  head  /; 
the  form  of  the  orifices  of  entry  at  o  and  of  discharge 
at  r;  the  length;  the  hydraulic  mean  depth  of  the 
section, — rectangular  or  circular ;  and  the  bend  at  c 
with  any  smaller  bends  adjoining  o  and  b  to  suit  the 
form  o  c  B  of  the  weir.  If,  as  like  iu  formula  {68)  to 
(70l),  a  be  put  for  the  area  of  the  section,  then 

icj  a  v^  2  (?  /,  or 
481*5  Ca  a  -/J,  feet  measures  in  one 
minute, 
in  which  the  value  of  Cd  depends  on  the  preceding  con- 
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siderations.  At  pp.  146  and  199  the  values  of  c^  for 
velocities  of  about  eighteen  inches,  and  twenty  feet,  are 
given,  and  by  interpolation  intermediate  values  for  in- 
termediate or  even  higher  velocities  can  be  determined ; 
the  effects  of  bends  are  considered  pp.  291  to  800, 
and  taking  both  together  c^  can  be  found  suited  to  the 
form  and  dimensions  of  the  given  syphon. 

If  the  length  of  the  syphon  —  which  is  generally 
rectangular  for  engineering  works — be  50  times  the 
hydraulic  mean  depth,  that  is  equivalent  to  12*1  mean 
diameters,  then  the  table  p.  199  gives  '759  for  the 
value  of  Od  in  a  straight  tube.  Taking  the  coefficient 
due  to  the  bend  at  about  '867,  the  value  of  c^  due  to 
the  length  of  this  syphon  and  to  the  bend  at  the  crest 
of  the  weir,  is  '759  X  '867  or  '658.  Hence  eqn.  (154) 
becomes  in  round  numbers 

'  D  =  317  a  Vy^     for  a  length  of    50  mean 

radii;  also  may  be  found 

D  =  298  a  yTTtor  a  length  of  100  mean 

radii;  and 

D  =  268  a  VXfor  a  length  of  200  mean 
\^  radii, 

for  the  discharge  in  cubic  feet  per  minute.  If  the 
syphon  were  longer  in  proportion  to  the  hydraulic 
mean  depth,  these  results  would  become  still  less,  and 
more  if  the  orifice  of  entry  were  rounded. 

In  Weale's  Quabterly  Papers  of  Engineering, 
vol.  vi.,  p.  51,  Mr.  Mallet,  in  a  letter  dated  10th  Aug., 
1843,*  addressed  to  Major-General  Sir  John  F.  Bur- 

*  At  this  time  Sir  Jolm  evidently  appears  to  have  lost  faith  in  long 
solid  weirs  as  a  panacea  for  the  Shannon  drainage,  and  in  the  self-esteem 
of  the  Shannon  Commissioners  on  this  hobby  of  theirs. 


(154a.) 
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goyne,  B.E.,  then  Chairman  of  the  Board  of  Public 
Works  in  Dublin,  gives  the  result  of  experiments  on  a 
rectangular  syphon  tube  with  a  section  of  six  inches 
wide  by  one-and-a-half  inch  deep,  or  area  of  nine 
square  inches.  The  length  of  the  syphon  is  not 
given,  but  from  the  drawings  given  we  infer  it  to  be 
80  inches,  and  of  the  general  form  given  in  diagrams  1, 
2  and  3,  Fig.  43a,  but  "slightly  bell-mouthed"  at  the 
''  entrance  and  discharging  terminations."  A  straight 
tube  of  the  same  length  and  form  was  made,  and  the 
time  of  discharging  24  cubic. feet  of  water  from  each 
with  the  same  heads  was  as  follows  : — 


! 

Heftds  in  inches. 

Time  in  seoostds 
for  eypbon. 

Time  in  aeoonda 
for  strmight  tube. 

lOi 
18i 

78 
67i 

67 

59 

The  head  of  10^  inches  gives  by  calculation  from 
these  experiments,  '860  for  the  coefficient  of  discharge 
due  to  the  bend  over  the  crest ;  and  the  head  of  13^ 
inches,  a  coefficient  of  '874;  which  shows  that  the 
resistance  from  the  bend  was  less  for  a  greater  velocity. 
Mr.  Mallet  also  found  that  with  an  effective  head  of 
8  inches,  24  cubic  feet  were  discharged  in  89  seconds. 
This  gives,  by  calculation,  the  coefficient  *658  for  all 
the  resistances  due  to  the  orifice  of  entry  friction  in 
the  tube  and  bends.  Taking  the  coefficient  of  the 
bend  here  at  '850  as  due  to  a  lesser  head,  this  gives 
•774  for  that  due  to  friction  and  the  orifice  of  entr}'. 
Another  experiment,  with  a  head  of  11|  inches,  gave  a 
discharge  of  24  cubic  feet  in  78  seconds.      Tliis  is 
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equivalent  to  a  coefficient  of  *686  for  all  resistances, 
and  dividing  by  '860  for  the  bend,  '740  is  found  for  the 
friction  and  orifice  of  entry.     Again 


Experiments,  discharge  of ' 
24  cubic  feet. 

Calculated  results. 

Heads  in 
inches. 

Time  in 
seconds. 

General 
coefficient. 

Coefficient 
for  bend. 

Coefficient 
for  friction 
and  ori&ce. 

12i 

13 

14J 

764 

78 

674 

•632 
•631 
•640 

•860 
•860 
•874 

•788 
•784 
•732 

The  effective  head  here  to  calculate  the  results  from, 
exceeds  by  f  inch  or  half  the  depth  of  the  tube,  that 
taken  by  Mr.  Mallet,  as  in  the  effective  head  taken  by 
him  this  is  omitted,  but  the  8-inch  head  agrees  with 
that  he  has  taken,  the  error  being  eliminated  by  taking 
a  difference.  Taking  the  mean  general  coefficient  of 
these  results  at  '686,  the  discharge  is  expressed  by  the 
equation 

(154b.)  d  =  481-5  X  '636  a  s/J=  806  a  VTT 
the  discharge  in  cubic  feet  per  minute  for  feet  measures. 
This  is  less  than  that  before  given  by  our  eqn.  (154a)  by 
about  8^  per  cent. 

The  application  of  the  syphon  for  the  discharge  of 
surplus  waters  is  of  great  value,  and  the  head  can  be 
increased  to  any  extent  not  exceeding  the  difference  of 
level  between  the  upper  and  lower  water.  It  is  not  the 
object  here  to  enter  into  the  question  of  construc- 
tion, or  the  means  of  withdrawing  the  air  or  putting 
the  apparatus  to  work,  but  a  comparison  between  its 
advantages,  lifting-sluices,  and  Lea  Barrages  Hausses 
Mobiles  has  been  already  entered  into  at  p.  291. 
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SECTION  XIL 

RAIN-FALL. CATCHMENT     BASINS. DISCHARGES      INTO 

CHANNELS. — DISCHARGE    FROM    SEWERS. LOSS   FROM 

EVAPORATION,  ETC. 

A  catchment  basin  is  a  district  which  drains  itself 
into  a  river  and  its  tributaries.  It  is  bounded  gene- 
rally by  the  summits  of  the  neighbouring  hills,  ridges, 
or  high  lands  forming  the  water-shed  boundary;  and 
may  vary  in  extent  from  a  few  square  miles  to  many 
thousands ;  that  of  the  Shannon  is  4,5^44  square  miles. 
The  average  quantity  of  water  which  discharges  itself 
into  a  river  will,  cateris  paribus,  depend  on  the  extent 
of  its  catchment  basin,  and  the  whole  quantity  of  rain 
discharged  on  the  area  of  the  catchment  basin,  includ- 
ing lakes  and  rivers. 

The  QUANTITY  OF  RAIN  which  falls  annually  varies 
with  the  district  and  the  year;  and  it  also  varies  at 
different  parts  of  the  same  district.  The  average 
quantity  in  Ireland  may  be  taken  at  about  84  inches 
deep,  that  which  falls  in  Dublin  being  27  inches,  in 
Armagh,  average  of  14  years,  85  inches ;  in  Killaloe, 
average  of  17  years,  43  inches ;  in  Galway,  average  of 
11  years,  46  inches;  and  that  in  Cork  41  inches 
nearly.  The  average  yearly  fall  in  Dublin  for  seven 
years,  ending  with  1849,  was  26*407  inches ;  and  the 
maximum  fall  in  any  month  took  place  in  April,  1846, 
being  5*082  inches.  **  The  average  fall  in  inches  per 
month  for  seven  years,  ending  with  1849,  was  as 
follows : — October,  3*060 ;  August,  2*936  ;   January, 
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TABLE  of  some  CaichmerU  Basins  in  Ireland. 


Names  of  Draina^  distxicts, 
or  Rivera. 


Avonmore.  .  ,  .  k 
Avoca  River  .  .  .  . 
Ballinasloe 

Barrow,  Nore,  and  Suir  *  ! 
Blaekwater  and  Boyne  .  . 
Blackwater  .... 
Blaekwater  .  ... 
Blackwater  .... 
Bandon  River  .... 
Bazm,  Upper  and  Lower,  and 

the  Main        .       . 
Boyne     

Brusna  (Ferbane)  .    . 

Ballvteigue  .... 
Ballinamore  and  Ballyconnel 

Breeogue 

BaUinhaaaig  .... 

Cappagh    

Coolaney        .... 

Camoge 

Dunmore       »       .       .       . 

Dodder 

Deel 

Dee 

Erne 

Foyle 

Fergiia 

Fane 

Glyde      

Inny 

Kilbeggan      .... 

Lififey  and  Tolka  .    . 

*joe ...... 

Lough  Gara  and  Mantua .  . 
Lougha  Oughter  and  Qowna 

and  River  Erne  . 
Lough  Neagh  and  Baan  .    . 

Lough  Mask  and  River  Robe 
Loughs   Gorrib,  Mask,  and 

Carra 

Longford 

Moy 

Main 

Monivea 

Maghera 

Nobber  ..... 

QuoUe 

Rinn  and  Black  River  . 
Strokestown 
Shannon  above  Killaloe 

Slaney 


Counties  or  Towns. 


Wlcklow  and  Wexford     . 
Wicklow. 

Mayo 

Waterford      . 
Meath.  Ac. 
Waterford,  Youghal 
Armagh     .... 
Meath  and  Klldare 
Cork 

Down,  Antrim 

Meath,  Westmeath,  Klldare, 

and  King's     » 
King's     .       .       •        . 
Wexford    .... 
Cavan,  Fermanagh,  Leitrlm, 

and  Roscommon 

Bligo 

Cork       .... 
Galway      .... 
SUgo       .... 
Limerick   .... 
Galwsy,  Mayo,  and  Roscom 

mon    .... 
Dublin       .... 
Meath  and  Westmeath . 
Louth  and  Meath 
Belturbet,  Enniskilien . 
Londonderry    . 
Clare  and  Galway . 
Louth        .... 
Louth,    Meath,    Monaghan, 

and  Cavan  . 
Meath,    Westmeath,    Long 

ford,  and  Cavan. 
Westmeath  and  King's 
Dublin,  &c.    . 

Cork 

Roscommon,  Mayo,  and  SUgo 


Cavan,  Leitrim,  and  Longford 
Londonderry,  Antrim,  Down, 

and  Armagh  . 

Mayo  and  Galway     .       .    . 

Galway  and  Mayo . 

Longford 

Mayo,  BaUina 
Antrim      ,        .       . 


Galway 

Down 

Meath 

Down 

Loitrim  and  Longford  . 
Roscommon      .... 
Different  counties,  towns  of 

Athlone,  Limerick 
Wexford 


128,000 
179,840 

70,000 

2,176,000 

695,040 

780,160 

836,640 

50,000 
145,920 

810,240 

804,139 

389,120 

26,762 

101.455 
180,408 
23,500 
84,856 
90,744 
61,184 

96,161 

35,200 

64,000 

78,000 

1,014,400 

944,640 

134,400 

87,400 

176,813 

231,116 
88,030 
3*28,320 
470,400 
128,000 

260,480 

1,411,320 
225,000 

780,000 
72,320 

661,120 
37,600 
54,000 
19,000 
40,000 
67,000 
74,000 
70,000 

2,908,160 
521,600 


"SS 


I 


I 


a  SB 


200- 

281- 

110- 

3400- 

1086- 

1219- 

526- 

781 

228- 

1266- 

478-2 
608* 
41-8 

158-5 

282- 

36-7 

54-4 

141-8 

95-6 

150-2 
55- 
100- 
121-9 
1585* 
1476- 
210- 
136-6 

276-3 

3611 

187-5 

513-0 

785- 

200- 

407- 

2205-2 
351-5 

1218-7 

118  0 

1033- 

90- 

84-4 

297 

62-3 

89-1 

115-6 

109-4 

4544' 

815- 
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TABLE  shomng  Summer  Diseharges  of  amM  English  Rivers,  as  col- 
lected from  varums  authorities,  re-arranged,  sfiotrnng  to  stme  extent 
the  effect  of  Springs  in  supplying  Channels  in  different  places. 


NAMES  OF  RIVERS. 


Oade,  at  Hunton 
Bridge,  chalk    . 

Lea,  at  jLea  Bridge, 
chalk.  (Bennie, 
April,  1796) 

Loddon  (Feb.  1850), 
green  sand     .     . 

Med  way,  driest  sea- 
sons (Rennie, 
1787),  chiy 

Medway,  ordinary 
summer  ran 
(Rennie,  1787), 
clay  . 

Mimram,  at  Pan- 
shanger,  chalk  . 

Nene,  at  Peterbo- 
rouffh,  oolites, 
Oxford  clay,  and 
lias  .     . 

Plym,  at  Shcepstor, 
granite 

Severn,  at  Stone- 
bench,  Silurian  . 

Thames,  at  Staines, 
chalk,  ereen  sand, 
Oxford  clay, 
oolites,  Ac.    .     . 

Trent,  at  its  mouth, 
oolites  and  Ox- 
ford clay    . 

VeruLun,  at  Bnshey 
Hall,  chalk 

Wandle,  below  Car- 
shalton,  chalk   . 


1^ 
Valloy.   HUL 


150  to  500 

30  to  600 
110  to  700 


481-5 
200  to  500     29-2 


ia 
I? 


2^' 

g| 

4* 

s 


69*5  I  2,500 


570-0  -  8,880 


221-8 


481-5 


10  to  600 


620*0 


800tol,500      7*6 
400  to  2, 600,  3,900 


40  to  700 

100  to  600 

150  to  500 

70  to  350 


3,086 

3,921 

120-8 

410 


3,000 
2,209 

2,520 
1,500 

5,000 
500 
38,111 

40,000 


1,800 
1,800 


36-2 

15-58 
13-53 

4-59 

5-23 
51-4 

8-45 
71-4 
8-49 

12-98 


14-9 
43-9 


4 

111 


3-S 


a 


8-19 

3-53 
3-01 

1-04 

2-19 
11-58 

1-88 

15-10 

1-98 

2-93 


3-87 
9*93 


3 


«a 


II  ^ 


25-4 


26-6 

23-1 
45-0 


24-5 


24  0 
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2-644  ;  April,  2-508 ;  November,  2-800 ;  July,  2-116  ; 
June,  2-005;  December,  1-988;  September,  1-860; 
May,  1-814 ;  March,  1-789 ;  February,  1-584."*  A 
gauge  at  Londonderry,  1795  to  1801,  gives  81  inches 
average ;  one  at  Belfast,  from  1886  to  1841,  gives  85 
inches ;  at  Mountjoy,  Phoenix  Park,  182  feet  above 
low  water,  1889  and  1840,  there  is  an  average  of  88 
inches ;  and  at  the  College  of  Surgeons,  52  feet  over 
low  water,  the  average  is  80  inches  for  the  same  two 
years.  Sir  Robert  Kane  assumes  that  86  inches  is 
the  average  fall  in  Ireland,  and  that  out  of  that 
depth  12  inches,  or  one-third,  passes  on  to  the  sea, 
two-thirds  being  evaporated  and  taken  up  by  plants. 
The  quantity  varies  a  good  deal  with  the  altitude 
of  the  district.  In  parts  of  Westmoreland  it  rises 
sometimes  to  140  inches;  in  London,  an  average 
of  20  years'  observations  gives  a  fall  of  nearly  25 
inches. 

The  tabular  information  has  been  obtained  from  Mr. 
Hughes'  book,  from  Bennie's  reports,  and  other 
sources.  The  effect  of  the  geology  and  fissures  in  the 
chalk  and  mountain  limestone  formations  on  the 
springs  of  a  catchment  basin,  and  on  the  summer 
discharge,  should  be  carefully  noted  as  one  of  the 
elements  entering  into  catchment  basin  statistics. 
Indeed,  the  maximum  and  minimum  discharges  from 
catchments  are  of  as  much  importance  to  the  engineer 
as  the  averages,  and,  for  many  purposes,  more  impor- 
tant. There  was  abundant  opportunity  of  acquiring 
this  information  for  all  our  Irish  rivers,  but  we  are  not 
aware  if  it  was  turned  to  any  usefal  account  for  science. 

*  Proceedings  of  the  Koyal  Irish  Academy,  vol.  v.,  p.  18. 
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Thorough-drainage  increases  the  supply  and  dis- 
charge. Every  catchment  basin  has,  however,  its  own 
pecuMar  data,  and  a  knowledge  of  these  is  necessary 
lefore  we  can  draw  any  correct  conclusions  for  new 
waterworks  in  connection  with  it  It  may  be  remarked^ 
however,  that  any  conclusions  drawn  from  experiments 
on  the  supply  of  tributaries,  particularly  in  high  dis- 
tricts, are  wholly  inapplicable  to  the  main  channel  into 
which  they  flow.  The  flow  into  tributaries  and  mountain 
streams,  or  rivers,  is  always  more  rapid  than  into  main 
channels  and  rivers  in  flat  districts,  and  the  supply 
from  springs  often  forms  a  large  portion  of  the  water 
flowing  in  them.  Heretofore,  however,  little  depend- 
ence can  be  placed  on  gaugings  unless  the  manner  in 
which  they  were  obtained  was  fully  described. 

Forty  years'  observation  at  Greenwich,  Kent,  at  165 
feet  above  the  level  of  the  sea,  gives  the  following 
results : — 


1 
Deseriptton  of  fkU.                 ,  Winter. 

Spting. 

Bummer. 

Entin 
years. 

Mean  annual  fall  . 

MaximaDi  fall ;  being  a  mean  of 
five  of  the  wettest  yean  during 
forty  yearg     .... 

Minimum  fall ;  being  a  mean  of 
five  of  the  driest  years  daring 
forty  years 

inches 
7-86 

11-06 

5-22 

inches 
7-26 

10-86 

4-05 

inches 
10-47 

14-96 
6-80 

inches 
)  26-48 
j  26-63 

)  34-00 
{  36-87 

)  18-40 
j  16-07 

In  this  table  Winter  comprises  November,  December, 
January,  and  Februaiy;  Spring,  the  next  four  months ; 
and  Summer,  the  months  of  July,  August,  September, 
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and  October.  The  last  column  contains  means  of  two 
classes  of  years :  the  first  figures  showing  the  ordinary 
years  from  January  to  December,  and  the  second, 
under  the  first,  years  from  November  to  October.* 
We  see  here  that  the  mean  maximum  is  fully  double 
of  the  mean  minimum,  and  about  one-and-a-half 
times  the  mean  annual  fall,  and  therefore  the  necessity 
for  calculating  from  the  minimum  fall  for  all  water 
works  in  which  it  is  an  element,  and  from  the  maxi- 
mum for  sewerage  works  where  it  is  not  intended  to 
pass  off  a  portion  on  the  surface  or  through  other 
available  channels. 

In  the  district  surrounding  the  Upper  Bann  re- 
servoirs in  the  County  Down,  the  average  fall  for 
thirteen  years  has  been  46  inches  at  a  level  of  6  feet 
over  the  top  water  of  Lough  Island  Heavy  Beservoir ; 
and  Mr.  John  Smith,  the  engineer  of  the  work,  says 
that  there  is  a  loss  of  one-third  in  absorption  and 
evaporation;  but  as  the  rainfall  is  greater  on  the 
higher  ground  than  at  the  gauge,  only  one-half  of  the 
whole  rainfall  is  probably  available.  Mr.  Manning 
found  for  the  Woodbume  river,  with  a  rainfall  of  86 
inches,  a  flow  of  21*5  inches  was  produced,  or  about 
three-fifths,  which  was  distributed  as  follows : — 

Six  months,  November  to  May,  14'766  fall,  and 

14-851  flow ; 
Six  months.  May  to  November,  21*101  fall,  and 
7-857  flow. 

In  Keswick,  the  average  fall  is  said  to  be  67^  inches^ 
and  in  Upminster,  Essex,  only  19^  inches.    Indeed,  it 

*  See  Mr.  James  Simpson  in  the  Metropolitan  Main  Drainage  Re- 
port, 1857,  p.  116. 
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is  requisite  to  obtaiQ  the  fall  from  observation  for  any 
particular  district,  when  it  is  necessary  to  apply  the 
results  to  scientific  purposes ;  and  not  the  mean  average 
fall  alone,  but  also  the  maximums  and  minimums  in  a 
series  of  years  and  months  in  each  year. 

Mr.  Symons  gives  (see  Builder  for  1860,  p.  230) 
the  following  heavy  falls  of  rain  during  1859: — 
Wandsworthy  June  12th,  2*17  inches  in  two  hours; 
Manchester y  August  7th,  1*849  inches  in  twenty-four 
hours ;  Southampton,  September  26th,  2*05  inches  in 
two-and-a-quarter  hours;  Truro,  October  25th,  dur- 
ing the  day,  2*4  inches.  The  mean  falls  in  the  South 
Western  Coimties^  89*1  inches ;  in  the  South  Eastern 
Counties,  80*2  inches ;  in  the  West  Midland  Counties, 
28  inches ;  in  the  Eastern  Counties,  25*4  inches ;  in 
the  North  Midland  Counties,  24  inches  ;  in  the  North 
Western  Counties,  89  inches ;  in  the  Northern  Coun- 
ties, 55  inches ;  and  the  average  of  all  England,  81*857 
inches. 

As  an  instance  of  extraordinary  rain-fall,  in  con- 
nection with  the  sewage  question,  it  is  stated  that  4 
inches  of  rain  fell  in  one  hour  in  the  Holbom  and 
Finsbury  sewers'  district,  on  the  1st  of  August^  1846 ; 
at  Highgate,  8*5  to  8*8  inches ;  and  at  Greenwich, 
0*95  inches.*  In  India,  the  intensity  of  the  rain-fall 
varies  from  half  an  inch  to  5  inches  in  an  hour. 

In  the  upland  districts  about  Manchester,  Mr. 
Homershamt  gives  the  result  of  observations  at 
Fairfield,  Bolton,  Rocksdale,  Marple,  Comlis  reser- 
voir, Belmont,   Chapel-en-le-Frith,  and  Whiteholme 

*  Metroi)oIitan  Main  Drainage  Beport,  p.  16. 

t  Report  on  the  Supply  of  Water  to  Manchester. — Wexlr. 
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reservoir,  for  four  years.  These  give  a  maximum  fall 
of  61*4  inches  at  Belmont  Sharpies  in  1847,  and  a 
minimum  of  24'8  at  Whiteholme  reservoir  in  1844, 
the  general  average  for  the  four  years  being  42'49 
inches. 

April  is  the  driest  month,  and  October,  or  about  it, 
the  wettest  month,  and  the  fall  during  different  years 
varies  sometimes  as  much  as  two  to  one  in  the 
same  district. 

The  proportion  between  the  quantity  which  falls, 
and  that  which  passes  from  a  catchment  basin  into 
its  river,  also  varies  very  considerably.  When  the 
sides  of  a  catchment  basin  are  steep  and  staunch,  and 
the  water  passes  off  rapidly  into  the  adjacent  river  or 
tributaries,  there  is  less  loss  by  evaporation  and  perco- 
lation than  when  they  are  nearly  fiat.  The  soil, 
subsoil,  and  stratification  have  also  considerable  effect 
on  the  proportion.  Reservoirs  being  generally  con- 
structed adjacent  to  steep  side  falls^  give  a  much  larger 
proportion  of  the  quantity  fallen  than  can  be  obtained 
from  rivers  in  fiatter  districts ;  besides,  the  quantity  of 
rain  which  falls  on  the  high  summits,  near  reservoirs, 
almost  always  considerably  exceeds  the  average  faU. 
As  640  acres  is  equal  to  1  square  mile,  and  one  acre  is 
equal  to  48,560  square  feet,  a  fall  of  one  inch  of  rain 
is  equal  to  8,680  cubic  feet  per  acre,  and  to  8,680  X 
640  =  2,828,200  cubic  feet  per  square  mile  :  the  pro- 
portion of  this  fall,  for  each  acre,  or  square  mile  of 
the  catchment  basin,  which  enters  the  river,  must 
depend  entirely  on  the  district  and  local  circumstances, 
the  full  or  maximum  quantity  being  retained  on  lakes. 
A  stream  delivering  58  cubic  feet  per  minute  constantly 
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for  twelve  months  supplies  an  equivalent  to  12  inches 
of  rain-fall  collected  per  square  mile,  and  1  inch  of 
rain  collected  from  each  square  mile  of  catchment 
gives  a  supply  of  4*42  cubic  feet  per  minute,  and 
6*9  cubic  feet  for  each  1000  acres,  flowing  in  both 
cases  for  twelve  months. 


FLOW  XQUnrALBMT  TO  A  RAIN-FALL  OF  ONE  INCH  ON  EACH  SQUARE 
MILE,  AND  1000  ACRES,  FLOWING  REGULARLY,  WITHOUT  LOSS,  FOR 
ONE  MONTH  TO  ONE  TEAR. 
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It  is  too  often  taken  for  granted  that  the  discharge 
from  a  catchment  basin  takes  place,  into  the  conveying 
channels,  in  nearly  the  same  time  that  a  given  quantity 
of  rain  falls.  Perhaps  the  largest  registiy  on  record 
in  Great  Britain  is  a  fall  of  four  inches  in  an  hour. 
The  maximum  fall  in  any  hour  of  any  year  seldom 
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exceeds  half  of  this  amount,  and  then  perhaps  only 
once  in  several  years.  The  quantity  which  fiJls  will 
not  be  discharged  into  the  channels  in  the  same  time. 
The  quantity  discharged,  and  time,  will  depend  a  good 
deal  on  the  season  and  district.  The  arterial  channel 
receives  the  supply  at  different  places  and  from 
different  distances,  and  the  water  in  passing  into 
and  from  it  does  not  encounter  the  same  amount 
of  resistance  as  if  it  all  passed  first  into  the  upper 
end.  Less  sectional  area  is  therefore  necessary 
than  if  the  whole  discharge  had  to  pass  through  the 
whole  length  of  the  channel  and  during  the  time  of 
fall.  The  relation  of  the  quantity  of  rain-fall  to  the 
portion  which  flows  into  the  main  channel,  as  well  as 
the  time  which  it  takes  to  arrive  at  it,  and  the  places 
of  arrival,  must  be  known  before  the  proper  size  of  a 
new  channel  con  be  determined,  particularly  sewers  in 
urban  districts.  A  pipe  sufficient  to  discharge  the 
water  from  200  acres  need  not  be  20  times  the  dis- 
charging power  of  one  exactly  suited  to  10  acres  of 
the  same  district,  for  the  discharge  from  the  outlying 
190  acres  will  not  arrive  at  the  main  in  the  same  time 
as  that  from  the  adjacent  10  acres. 

The  following  table  of  rain-fall,  at  Athlone,  central 
in  Ireland,  was  frimished  to  the  Boyal  Irish  Academy 
by  General  Sir  H.  D.  Jones,  and  is  printed  in  the 
Proceedings.*  The  average  for  four  years  gives  29 
inches,  and  the  effect  on  the  Upper  and  Lower  Sills 
of  the  Lock  as  affecting  the  rise  and  fall  of  the 
Shannon,  affords  valuable  data,  although  not  analysed. 
The  rise  and  fall  on  the  sills  is  the  sum    of  the 

•  Vol.  iv. 
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monthly  risings  and  fallings  for  each  year,  and  must 
be  divided  by  12  to  get  the  average  monthly  rise  and 
fall.  In  1845  the  greatest  rise  was  in  January,  2  feet 
9  inches  at  the  upper  sill,  and  8  feet  11^  inches  at  the 
lower  sill.  In  1846  the  greatest  rise  was  2  feet  5 
inches  in  October,  at  the  upper  sill  J  and  5  feet  6  J 
inches  on  the  lower  sill,  in  August. 

Upper  Sill.  Lower  Sill. 

Maximum  rise  in  Maximum  rise  in 

one  month.  one  month. 

1845  .     .    .     2  ft.  9  in.  January  ...    3  ft.  11}  in.  Januaiy. 

1846  .     .     .     2  ft.  5  in.  October  .     .    .    5  ft.    6}  in.  January. 

1847  .     .     .    3  ft.  1  in.  November  ...     4  ft.    6    in.  May. 

1848  .     .     .    3  ft.  3  in.  February  .    .     .     4  ft.  11    in.  February. 

The  sum  of  the  risings  and  fallings  for  each  month, 
taken  as  a  mean  of  four  years,  is  nearly  the  same 
at  either  sill.  The  general  average  of  the  rise  and 
fall  for  the  upper  sill,  is  about  1  foot  8|  inches  each 
way,  and  1  foot  lOJ  inches  at  the  lower  sill.  These 
would  give  2  feet  7  inches  for  the  average  difference 
of  level  in  the  Shannon  above,  and  8  feet  9|  inches 
for  that  in  the  Shannon  below.  In  Lough  Allen 
catchment  of  146  square  miles,  the  maximum  rise 
was  sometimes  6  inches  in  24  hours,  calculated  at 
"568  inch  of  depth  of  rain,  over  the  catchment  area. 
Above  Killaloe,  the  catchment  is  8611  square  miles, 
and  the  floods  about  once  a  year  rose  6  inches  in 
24  hours,  or  '296  inch  in  depth  of  rain  over  the 
catchment.  Once,  in  1840,  it  is  reported  to  have 
risen  12  inches,  or  '6  inch  of  rain  over  the  catchment 
in  one  day.  "  The  greatest  observed  flood  in  the 
Shannon  occurred  in  January,   1868,  when  the  dis- 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS. 


327 


charge  of  Killaloe  marked  1,617,000  cubic  feet  per 
minute,  or  *699  cubic  foot  per  acre  of  catchment. 
The  large  floods  in  the  Armagh  river,  county  Galway, 
yield  from  8  to  10  cubic  feet,  and  a  summer  flood  in 
1851   gave   18'02  cubic  feet    per    minute    for    each 


acre. 


>*» 


MAXIMUM  DI8CHAKOE8  OF  THE  8HAVN0N  AND  ERME,   AMD  A 
TRIBUTABT  OF  THE  LATTER,  THE  WOODFORD  RIVER. 


RIVERS  IN  IRELAND. 
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the  very  high  floods  of  Jan. 
1851,  at  Belturbet  . 

Woodford  River,  Counties  of 
Leitrim  and  OaTan,  measured 
during  the  veir  high  floods 
of  Jan«  1851,  at  BallyconneU . 

TeUow  River,  or  upper  portion 
of  the  Woodford  River,  mea- 
sured during  the  very  high 
floods  of  Jan.  1851,Co.  Leitrun 
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These  results  show  how  difficult  it  is  to  draw  any 
inference  from  discharge  and  area  of  catchment  alone, 
as  the  discharge,  per  minute  per  acre,  must  vary  with 
the  contour  and  elevation  of  the  district  in  the  same 
course;    and    with    the   climate,   also,    in    different 

*  Vide  Proceedings  of  the  Institntion  of  Civil  Engineers,  Ireland, 
voL  V.  pp.  165  and  166,  and  Paper  read  by  Thomas  J.  Mulvany,  11th 
February,  1851,  vol.  iy.  p.  21. 
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countries.  We  have  ourselves  observed  the  maxi- 
mum discharges  to  vary  up  to  6  cubit  feet  per  minute 
per  acre^-the  lesser  maximums  being  due  to  broad 
flat  districts,  and  the  greater  maximums  to  higher 
and  steeper  districts,  near  the«  sources.  In  the 
Proceedings  of  the  Institution  of  Civil  Engineers, 
Ireland,  vol.  iv.,  from  which  we  have  collected  and 
arranged  some  of  the  foregoing  information,  it  is 
stated,  p.  96,  that  the  ratio  of  the  discharge  to  the 
rain-fall,  on  a  catchment  on  the  Glyde,  of  79,483 
acres,  for  three  months,  ending  March  18th,  1851, 
was  1*49  to  1  up  to  January  18th ;  1*89  to  1  up  to 
February  18th;  and  8-86  to  1  up  to  March  ISth, 
making  a  general  average  of  1*69  to  1 ;  the  whole 
rain-fall  for  the  three  months  being  only  5*89  inches, 
while  the  discharge  was  9*85  inches !  We  fancy  there 
is  a  mistake  here.  The  whole  catchment  of  the  Glyde 
is  176,813  acres,  and  there  is  no  data  to  show  the 
discharge  previous  to  or  after  the  rain-faU  from  which 
to  calculate  the  diflference  due  to  it  per  Be  for  the  three 
months ;  nor  is  the  place  or  method  of  gauging  stated. 
The  supply  from  springs  and  the  actual  discharge 
before  and  after  rain-fall  must  be  correctly  gauged 
before  the  proportion  passing  into  the  main  channel  in 
a  given  time^  can  be  properly  estimated ;  the  results 
just  stated  clearly  contradict  themselves.  The  fol- 
lowing anomalous  results  from  p.  47  of  the  same  work 
are  also  worthy  of  note.  In  five  different  districts  the 
discharge  is  gauged,  or  estimated,  greater  than  the 
fall,  as  shown  in  the  following  table.  It  is  not  stated, 
however,  if  the  depths  passed  off,  estimated  over  the 
catchments,  include  the  flow  before  the  commencement 
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of  the  rain.    If  bo  the  results  are  bo  far  useless ; 
if  they  do  not  include  it,  there  tanst  be  an  error  bc 

BEUl  llTB  HASOB,    1851. 


Sileen        .     . 

Saleen     . 

2,825 

( 

S'2e 

)           ( 

9-20 

Unnagh 

Cartlebar. 
Uanolk. 

20,6i0 
33,500 

« 

5-46 
6« 

..J 

8-56 
8-18 

HaakaadBobe 

Bobe       . 

70,000 

( 

)           ( 

7-39 

DiUa.        .   i 

Dalla       . 

3,200 

*00 

6'527 

Owenmore 

82,000 

5-705 

where.  Indeed,  in  the  Bobe  we  have  evidence  that 
not  more  tlian  68  per  cent,  passed  from  the  catchment 
to  the  river,  from  Mr.  Betagh'a  valuable  paper,  the 
results  of  which  are  arranged  below.  Also,  in  Julj', 
1650,  it  is  shown  that  in  the  Lannagh  district  only 
'68  inch  in  depth  passed  off  the  catchment  from  a  fall 
of  1'83  inches,  or  about  one-third  of  the  depth.  The 
method  of  determining  this  was  unobjectionable. 
"Where  such  discrepancies  as  above  exhibited  exist, 
it  is  important  that  the  method  of  ganging,  and  the 
whole  calculation,  should  be  shown,  in  order  that 
other  engineers  should  be  able  to  judge  of  their 
accuracy ;  otherwise  the  results  should  be  rejected,  no 
matter  under  whose  authority  they  may  be  published. 
But  during  the  operations  of  the  Arterial  Drainage 
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Commission  in  Ireland,  from  1845  up  to  the  year 
1858,  science  was  at  a  discount. 

The  following  information  has  been  collected  and 
arranged  by  us  from  a  paper  by  Mr.  Betagh,  in  the 
Proceedings  of  the  Institution  of  Civil  Engineers, 
Ireland,  vol.  iv.  In  January  1851,  8*41  inches  of  rain 
fell  in  seven  days,  producing  the  maximum  discharge 
of  85,886  cubic  feet;  while  in  December  1852,  8"  17 
inches,  also  falling  in  seven  days,  produced  115,656 
for  the  maximum.    At  the  beginning  of  the  first  faU 

TABLES  showing  in  detail^  for  the  years  1851  and  1852,  the  MtnUhly 
FaU  of  Rain  and  the  corresponding  Discharge  of  the  River  Robe^  at 
Ballinrohe,  Coumty  Mayo  ;  the  catchment  bagin  being  70,000  e^res,  or 
110  square  miles;  the  lower  end  100  feet,  the  iipper  end  386  feet;  and 
the  average  height  of  the  swrface  abciu  180  feet  above  the  level  of  the 
sea.  The  average  fall  of  the  river ,  not  including  the  rapids,  is  from 
one  to  two  feet  per  mile  ;  the  catehvient  is  aboiU  20  mH^  long,  about 
onc'tenth  of  the  area  bog  or  low  marsh,  and  nine-terUhs  dayey  and 
gravelly.     The  river  is  about  83  miles  long. 


RIVER  ROBE  OBSERVATIONS  IN  1851. 


MONTHS. 


January    . 
February . 
March  . 
April 

May  .  . 
June. 
July  .  . 
August 
September 
October  . 
November 
December. 


Total  . 


a 

§ 

fa 


9-2 
6-8 
4-4 
3-4 
1-0 
8-8 
S'8 
2-4 
1-9 
6*0 
1*8 
2-6 


II 


7-4 
4-7 
8-6 
2-6 
0-8 
0-8 
0-5 
0-9 
0*5 
1-6 
1-2 
2-5 


45-6      27 


DlflchaxiBfe  in  cubic  feet 
per  minute,  from  a  catch 
ment  of  70,000  acres,  for 
each  month. 


d 


85,886 

72,448 

49,187 

24,200 

5,820 

7,040 

4.920 

17,055 

4,746 

23,980 

12,852 

44,716 


20,188 
18,420 
10,860 
6,760 
4,125 
1,114 
1,500 
1,240 
1,200 
6,940 
6,000 
6,210 


352,749  I   88.502 


I 


48,873 

80,410 

20,945 

14,355 

5,001 

4,230 

2,558 

4,866 

2,854 

12,588 

7,827 

14,873 


Discharge  in  cubic  feet 
per  minute,  per  acre,  for 
each  month. 


1158 
1-034 
•708 
-346 
*083 
•100 
•070 
•248 
-067 
•842 
•183 
•638 


168,880  j    4-965 


•287 
-268 
•155 
-082 
•059 
•016 
•021 
•017 
•017 
•099 
-065 
•088 


1189 


•620 
•434 

-300 
-205 
•071 
•060 
•036 
-069 
-040 
•179 
•111 
•205 


2-33 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS. 


331 


RIVER  ROBE  OBSERVATIONS  IN  1852. 
Ci/ntin%ud  from  last  page. 


MONTHS. 

Rain-fall,  each  month, 
inbiches. 

February  . 

March 

April. 

May     .    . 

June. 

July     .    . 

August 

September 

October    . 

NoTember 

December. 

7-6 
4-8 
1-0 
11 
1-9 
6*6 
2-6 
4-5 
1-8 
8-9 
5-5 
12-0 

Total  . 

58-1 

feelj 


^t  of  70  000  acres,  forlJ2Jv"*S^jE'  ^  ~"'  '**'^| 
each  month.  .each  month. 


5-2 
4-3 
0-7 
0-5 
0*4 
1-2 
1-0 
0-6 
0-5 
1-0 
5-2 
9-5 

80-1 


• 

a 

1 

1 

i 

q 

3 

41,600 

56,400 

9,600 

8,931 

8,931 

22,764 

15,489 

8,856 

8,427 

32,040 

45,360 

115,656 

12,862 
8,190 
2,787 
1.468 
1,050 
1,400 
8,172 
2,236 
2,642 
1,114 
17,000 
28,282 

354,004 

77,098 

28,730 

25,296 

6,702 

2,477 

1,861 

6.547 

6,067 

8,070 

2,874 

5,982 

80.742 

54,846 


*594 
-805 
•137 
•066 
•056 
•325 
•220 
•055 
•048 
•457 
-648 
1-657 


175,134  '    5-058 


i 

• 

1 

m^m 

^ 

:« 

< 

■183 

•410 

•117 

•361 

-039 

•096 

•020 

•035 

•015 

•026 

•020 

•093 

•045 

•067 

•032 

•048 

•087 

•041 

•016 

-084 

•242 

-489 

•831 

783 

1-097 

2-497 

there  was  flowing  26,640  feet,  leaving  the  effects  of 
the  seven  days'  rain  85,886  -  26,640  =  69,196  cubic 
feet,  while  in  the  second  year  the  quantity  flowing  at 
first  was  76,860  cubic  feet,  leaving  the  effects  of  the 
seven  days'  rain-fall  equal  to  116,666-76,360=40,296 
cubic  feet.  The  effect  of  the  previous  state  of  the 
weather  on  the  catchment  must  always  modify,  to  a 
considerable  extent,  the  discharge  from  a  given  rain- 
fall, and  this  has  more  to  do  with  the  results  than  the 
effect  of  arterial  drainage  itself,  unless  so  far  as  one  is 
a  result  of  the  other.  Taking  the  mean  of  1861  and 
1862,  it  appears  that  the  evaporation  and  absorption 
in  the  Ballinrobe  catchment  were  to  the  rain-fall  as 
41*6  to  98*7,  or  about  42  per  cent.  This  is  certainly, 
from  the  nature  of  the  catchment,  less  than  the  average 
through  Ireland,  which  cannot  be  less  than  60  per 
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cent.  In  high,  steep  districts,  fully  three-fourths,  or 
75  per  cent.,  of  the  rain-fall  can  be  collected,  and  at 
times,  when  the  catchment  is  saturated,  nearly  the 
whole  ;  even  in  some  few  limited  cases,  when  springs 
or  hidden  supplies  are  re-tapped,  a  larger  discharge 
may  take  place  than  that  due  to  the  catchment 
and  rain-fall;  but  these  do  not  affect  the  general 
question. 

The  effects  of  absorption  and  evaporation  are  very 
variable ;  sometimes  68  or  60  per  cent,  of  the  annual 
fall  is  carried  off  in  this  way  from  ordinary  flat  tillage 
soils,  and  other  estimates  are  much  higher;  much,  how- 
ever, depends  on  the  soil,  subsoil,  inclination,  stratifica- 
tion, geological  formation,  and  season.  The  evaporation 
from  water  surfaces  exceeds  the  annual  fall  in  these 
countries  by  about  one-third ;  and  that  from  fiat,  marsh, 
and  callow  lands  exceeds  the  evaporation  from  ordinary 
tillage,  porous,  and  high  lands.  When  the  fiat  lands 
along  the  banks  of  rivers  extend  considerably  on  both 
sides,  an  extra  fall  is  necessary  into  the  main  channel, 
along  the  normal  drains,  otherwise  such  lands  must 
suffer  from  excessive  evaporation  as  well  as  fioods. 
Evaporation  and  absorption  also  vary  with  the 
climate,  but  in  this  coimtry  we  may  safely  assume 
that  one-third  of  the  whole  rain-fall  passes  on  to 
the  sea. 

The  absorption  and  evaporation  must  not,  however, 
be  taken  as  proportionate  to  the  rain-fall.  From  14 
to  16  inches  from  land  (and  about  83  inches  from 
water)  may  be  taken  in  this  country  as  the  allowance 
to  be  made ;  equivalent  to  an  average  of  about 
16  inches.      The    evaporation  from   the    surface   of 
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reseryoii*s  is  said  to  be  about  4  feet  in  India.     But  it 
is  probably  greater. 

In  a  paper  in  the  Journal  of  the  Koyal  Agricultural 
Society  of  England,  vol.  v.  part  1,  1844,  Mr.  Josiah 
Parkes  shows,  that  42^  per  cent,  of  the  whole  annual 
rain  of  England  filters  through  the  soil,  and  67^  per 
cent,  evaporated,  being  the  mean  results  of  eight 
years'  observations,  from  1886  to  1848,  both  included. 
The  mean  evaporation  and  filtration  for  each  month 
during  this  period  are  shown  and  arranged  by  us  in  the 
following  table : — 


Tntal 
falling. 

Deposited  in 

MONTHS. 

Evaporated. 

tons  and  cubic 
feet  per  acre. 

IncfaeB. 

InchM. 

Per 

cent. 

InchM. 

Per 

cent 

Cubic 
feet 

Tona. 

January  . 

1-847 

-540 

29-3 

1*307 

70-7 

4,744 

132 

Febraary     .    . 

1-971 

-424 

21*6 

1-547 

78-4 

5,616 

156 

March 

1-617 

-540 

33*4 

1077 

66-6 

3,910 

109 

April .        ,    . 
MAy 

1-456 

1-150 

79*0 

0*306 

21-0 

1,111 

39 

1-856 

1*748 

94-2 

0*108 

5-8 

892 

11 

Jane  ,        .    . 

2*213 

2*174 

98*3 

0-039 

1-7 

142 

4 

July 

2-287 

2-24^ 

98*2 

0.024 

1-8 

87 

2*4 

Augoflt       .    . 

2-427 

2-391 

98*6 

0036 

1-4 

131 

3-6 

September 

2*639 

2-270 

86  1 

0*369 

18-9 

1,339 

37 

October       .     . 

2-823 

1-423 

50*6 

1*400 

49-5 

5,082 

141 

Noyember 

8-887 

0-679 

15*1 

3*258 

84-9 

11,826 

328 

December    .    . 

1-641 

0-164 

00*0 

1-477 

100-0 

6,552 

182 

Yearly  ayerages 

26-614 

15-320 

57-6 

11-294 

42-4 

40,932 

1145 

The  maximum  quantity,  82*10  inches,  fell  in  1841, 
nnd  the  minimum  in  1887, 21*10  inches.  The  maximum 
:ind  minimum  quantities  respectively  which  fell  in 
January  were  8*95  and  *81  inches ;  in  February  2*85 
and  1*02  inches ;  in  March  8*65  and  0*84  inches ;  iui 
April  2*57  and  '84  inches ;  in  May  5*00  and  '70  inches; 
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in  June  S'Sl  and  1-88  inches ;  in  July  4-86  and  I'SO 
inches ;  in  August  8*65  and  0*95  inches ;  in  Septem- 
ber 4*50  and  0*68  inches ;  in  October  4*82  and  1*41 
inches;  in  November  5*77  and  2*05  inches;  and  in 
December  3*02  and  *40  inches.  The  greatest  quanti- 
ties fall  in  September,  October,  and  November,  and 
the  least  in  Februarj',  March,  and  April.  The  general 
mean  fall  for  England  is  said  to  be  81^  inches,  and 
near  London  25  inches. 

The  amount  of  rain  varies,  not  only  at  diflferent 
places  and  different  elevations,  but  also  at  different 
elevations  in  the  same  place.  The  following  table 
shows  the  amount  of  rain  collected  in  each  month  in 
1855  at  Greenwich  Observatory,  at  different  eleva- 
tions :— 


Oder's  anemo- 

On the  roof 

Cylinder  partly 

Month  in  1855. 

meter  gauge, 
incEee. 

of  the 

sunk  in  the 

libnuy. 

gix>und. 

January 

0-2 

10 

1-6 

Febmaiy.        .        .     . 

0-2 

1-4 

1-0 

March  .... 

0-5   * 

1-8 

2  0 

April               .        .    . 

0-1 

0-1 

0-1 

May     .... 

0-5 

1*5 

1-8 

June        .        .        .     . 

0-6 

0-7 

0-9 

July     .... 

31 

4-8 

5-8 

August    .        •        .    . 

0-6 

0-8 

1-4 

September    . 

0-8 

1-1 

2-0 

October    .        . 

2-6 

4-6 

^•2 

November    . 

0-6 

11 

1-5 

December                .    . 

0-4 

0-9 

11 

Totals     . 

10  0 

19-2 

28-8 

The  cylinder  gauge  was  placed  155  feet  above  the 
level  of  the  sea ;  the  gauge  on  the  roof  of  the  library 
22  feet  over  the  cylinder  gauge,  and  Osier's  anemo- 
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meter  gauge  28  feet  higher  than  the  gauge  on  the  roof 
of  the  library.  In  the  yalleys  in  the  lake  districts  of 
Westmoreland  and  Cumberland,  the  annual  fall  varies 
occasionally  from  50  to  100  inches,  and  the  maximum 
ia31  is  said  to  obtain  at  about  2000  feet  above  the  level 
of  the  sea  on  high  catchments. 

At  Ballinrobe,  a  gauge  placed  on  the  church  tower, 
60  feet  above  the  ground,  indicated  42  per  cent,  less 
rain  than  one  on  the  ground ;  and  another  experiment 
with  a  change  of  gauges,  gave  68  per  cent,  less  at  the 
greater  elevation ! 

At  Eanfauns  Castle,  Scotland,  a  gauge  600  feet 
high  on  a  hill,  gave  41^  inches,  while  one  at  the 
base,  680  feet  lower,  gave  only  25^  inches.  In  Kes- 
wick, the  fall  is  65^  inches,  and  in  Carlisle  only 
80  inches.  At  Kendal  the  fall  is  60  inches ;  at  Man- 
chester 88  inches ;  at  Lancaster  45  inches ;  at  Liver- 
pool 84  inches. 

From  the  2Srd  of  February  to  the  6th  of  June,  1860, 
the  rain  at  Dublin  was  8  inches.  At  the  Leefin 
Mountain,  which  is  2000  feet  high,  the  rain  was  18*1 
inches.  From  the  28rd  of  February  to  the  9th  of 
July,  the  rain  at  Dublin  was  10*674  inches ;  and  at 
the  same  time,  on  the  Leefin  Mountains  (over  Ballys- 
mutten),  18*1  inches ;  that  is,  an  increase  of  nearly  80 
per  cent,  in  that  time*  From  the  28rd  February  to 
the  21st  August,  inclusive,  the  rain-fall  at  Dublin  was 
17  inches ;  at  Blessington  21  inches ;  at  Bally smutten, 
on  the  site  of  a  proposed  reservoir,  27  inches.  This 
showed  an  increase  over  Dublin  of  10  inches.  It 
would  appear  that  from  50  to  nearly  80  per  cent,  more 
rain  fell  at  Ballysmutten  than  at  Dublin.    It  would 
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however  have  been  more  correct  to  compare  the  rain- 
fall at  Kingstown  or  Bray  with  that  on  the  adjacent 
mountains  than  the  rain-fall  of  Dublin. 

Experiments  were  made  at  York  in  1832,  ISSS,  and 
1884,  for  the  British  Association,  with  three  gauges 
— ^the  first  placed  on  a  large  grass  plot  in  the  grounds 
of  the  Yorkshire  Museum ;  the  second  at  a  higlier 
elevation,  48  feet  8  inches,  on  the  roof  of  the  Museum; 
and  the  tlurd  on  a  pole  9  feet  above  the  battlements  of 
the  great  tower  of  the  Minster,  at  an  elevation  over 
the  gauge  on  the  ground  of  212  feet  10^  inches.  The 
quantities  received  were  as  follows  : — 

Average  depth  for 
Depth  for  three  years.         one  year. 
First  gauge  .        .        .    64*480  inches    .    .    21*477  inches 
Second  gauge.        •    .    52169      ,,        .    .     17*389     „ 
Third  gauge.        .        .     88'972      „        .     .    12'991      „ 

Professor  Phillips  gives  the  following  formula  for 
calculating  the  difference  between  the  ratios  of  rain 
falling  on  the  ground  and  at  any  height  h  in  the  same 
place — f  the  temperature  of  the  season,  and  c  a  co- 
efficient dependent  upon  it ;  then  the  difference  d  is 

f 
Cb  ^^  c  h  —  • 

110 
The  mean  height  at  which  rain  begins  to  be  formed  by 
this  formula  is  1,747  feet  over  the  ground ;  and  at 
856  feet  high,  the  depth  which  falls  is  one-half  of  what 
falls  on  the  ground.* 

A  discussion  of  the  mean  temperature  in  connexion 
with  the  fall  of  rain,  was  completed  at  Greenwich  for 
the  years  1852, 1868,  and  1854 ;    and  at  Oxford  for 

*  Vide  Civil  Engineer  and  Architect's  Journal  for  1860,  p.  167. 
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the  years  1855,  1856,  and  1857.  The  result  shows 
an  average  of  160*3  rainy  days  at  Greenwich  for  each 
year,  and  146*6  at  Oxford.  The  difference  of  the 
mean  temperatures  of  the  day  of  rain  and  the  day 
before  is  less  than  that  of  the  day  of  rain  and  the  day 
after. 

Mean  tempera-   Mean  tempera-     Mean  tempe- 
tare,  day         tore,  day  of        ratore,  day 
before  rain.  rain.  after  rain. 

Greenwich  obsenrations    49-25'*      .    •      49*27**      .    .      48*98** 

Oxford  do.  49*50       .    .      49*68       .    .      49*44 

Dividing  the  winds  into  two  groups,  northerly  and 
southerly,  the  Oxford  observations  give  the  direction 
for  218*5  days'  fedr  weather.  The  wind  was  northerly 
for  181*5  days,  and  southerly  for  87  days.  For  the 
remaining  146-6  rainy  days,  the  wind  was  northerly 
for  64*5  days,  and  southerly  for  82  days. 

SEWERAGE. 

*'  The  future  population  of  the  suburbs  of  London 
is  calculated  at  80,000  inhabitants  per  square  mile. 
According  to  the  following  data,  some  of  the  densest 
portions  of  our  large  towns  have  a  population  of  220 
persons  to  an  acre.  The  population  on  the  north  side 
of  the  Thames  is  about  75  persons  per  acre,  and  on 
the  south  side  28  persons  per  acre.  Taking  the 
average  density  of  population  in  our  twenty-one 
piincipal  towns,  there  appear  to  be  5045  inhabitants 
to  the  square  mile;  but,  from  the  following  table, 
extracted  from  Dr.  Duncan's  report  on  Liverpool,  it 
will  be  seen  that  if  we  select  five  of  our  most  populous 
cities,  the  average  in  these  is  much  greater,  while 
in  others,  it  is  equally  certain  that  the  crowding  is 
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far  less  than  the  general  standard  to  which  we  have 
referred :— 

Inhabitants  to  a  Square  Mile. 
Towns.  Total  Area.  Builded  Area. 

Leeds.        .  .      20,892    .  87,256 


London  . 
Binningham 
Manchester 
Liverpool    . 


27,423 

88,669 

83,224 

100,899 


50,000 

40,000 

100,000 

138,224 


Dr.  Duncan,  however,  states  that  there  is  a  district 
in  Liverpool  containing  12,000  inhabitants  crowded 
together  on  a  surface  of  only  105,000  square  yards, 
which  gives  a  ratio  of  460,000  inhabitants  to  the 
geographical  square  mile.  In  the  East  and  West 
London  Unions,  Mr.  Fan*  has  estimated  that  there 
are  nearly  248,000  inhabitants  to  a  geographical  square 
mile  ;  but,  great  as  this  overcrowding  is,  the  maximum 
density  of  Liverpool  is  nearly  double  that  of  the  me- 
tropolis." * 

Great  Towns, — The  Registrar-General  estimates 
the  population  of  the  metropolis  in  the  middle  of  the 
year  1870  at  3,214,707,  being  41*2  persons  to  an  acre. 
This  is  London  with  the  suburbs,  from  Hampstead  to 
Streatham,  and  from  Woolwich  to  Hammersmith.  He 
estimates  the  population  of  Liverpool  in  the  middle  of 
the  year  1870  at  517,567,  or  101 '8  persons  to  an  acre; 
Manchester,  874,993,  or  83'6  per  acre;  and  Salford, 
121,580,  or  23-5  per  acre ;  Birmingham,  369,604,  or 
47*2  per  acre  ;  Leeds,  259,527,  or  12  per  acre ;  Shef- 
field, 247,378,  or  10*8  per  acre  ;  Bristol,  171,382,  or 
36*6  per  acre ;  Bradford,  143'197,  or  21*7  per  acre  ; 
Newcastle-upon-Tyne,  133"367,  or  25  per  acre ;  Hull, 


*  Illustrated  News,  September  8th,  1855. 
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180,869,  or  36-7  per  acre ;  Portsmouth,  122,084,  or 
12*8  per  acre ;  Leicester,  97,427,  or  80*4  per  acre ; 
Sunderland,  94,257,  or  19'6  per  acre ;  Nottingham, 
88,888,  or  44*5  per  acre ;  Norwich,  81,087,  or  10*9 
per  acre;  Wolverhampton,  72,990,  or  21*6  per  acre. 
The  area  taken  is  the  municipal  boundary  in  all  cases 
except  London.  The  population  of  Edinburgh  is 
estimated  at  178,970,  or  40*4  per  acre ;  of  Glasgow, 
468,189,  or  92*6  per  acre;  of  Dublin,  with  some 
suburbs,  821,540,  or  88  per  acre.  The  population  of 
these  twenty  towns  of  the  United  Kingdom  is  thus 
estimated  at  7,209,608.  The  population  of  Paris  is 
estimated  at  1,889,842;  of  Vienna,  605,200;  of 
Berlin,  702,487. 

The  amount  of  sewage  is  calculated  at  about  five 
CUBIC  FEET  PER  PERSON,  including  the  supply  from 
manufactories,  breweries,  distilleries,  &c.  So  high 
as  SEVEN  FEET  PER  HEAD  has  been  recommended 
as  data  to  calculate  from  by  Captain  Galton  and 
Messrs.  Simpson  and  Blackwell,  in  their  Report  on 
the  Main  Drainage,  and  it  has  been  found  that  about 
half  of  the  estimated  quantity  of  sewage  would  be 
passed  off  in  six  or  eight  hours. 

In  calculating  the  size  of  sewers,  however,  the  rain- 
fall must  be  provided  for,  in  addition  to  the  sewage 
matter  from  houses  and  public  establishments.  Mr. 
Bazalgette  calculated  this  for  the  London  sewerage 
at  ^th  of  an  inch  fall  in  24  hours  in  the  urban 
districts,  and  ^th  of  an  inch  for  the  suburban  districts. 
Captain  Galton  and  Messrs.  Simpson  and  Blackwell 
assumed  -^ths  of  an  inch  fall  during  eight  hours' 
maximum  flow.     This  would  be  1,452  feet  per  acre. 

z  2 
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Assuming  the  highest  data,  we  shall  have  to  provide 
sewers  to  discharge  in  eight  hours 

1,452    cuhic  feet  of  rain  water  per  acre, 

8  J  cubic  feet  of  sewage  nearly  per  person. 
Assuming  a  population  of  80  persons  per  acre,  then 
these  figures  would  become 

1,462  cubic  feet  for  rain,  f  ^,  *^^*  hours    or 

OQA      I.-    r   X  r  -s  ahoiit  84  cumc  feet 

280  cubic  feet  for  sewage,        J  .    ^  '' 

\per  miniite,per  acrCy 
which  shows  that  the  sewage  is  not  more  than  |th 
of  the  rain  water ;  and  that,  in  calculations  for  the 
size  of  sewers,  the  surface  water  is  the  most  important 
element  to  be  considered.  If  we  had  assumed  a  larger 
fall  of  rain,  the  difference  between  sewage  and  rain 
would  be  greater.  On  the  20th  June,  1857,  the  day 
after  heavy  rain,  the  referees  on  the  Metropolitan 
Drainage  question  found  the  Norfolk-street  sewer  to 
discharge  8  feet ;  the  Essex-street  sewer  5^  feet ;  the 
Northumberland-street  sewer  8J  feet ;  and  the  Savoy- 
street  sewer  20  J  feet  per  minute  per  acre ;  but  the  last 
result  has  been  controverted. 

It  appears  that  the  daily  amount  of  sewage  varies 
from  4*8  cubic  feet  per  head  in  the  more  thickly  in- 
habited portions  of  London,  occupied  by  a  larger 
portion  of  the  poorer  classes,  to  8  cubic  feet  per  head 
in  the  western  districts,  where  the  value  of  water 
is  more  appreciated,  and  the  cost  less  a  matter  of 
consideration ;  and  the  average  of  the  whole  metro- 
politan districts  appears  to  be  5*8  cubic  feet  per  head 
per  diem.  If  the  day  be  divided  into  three  periods  of 
eight  hours  each,  the  amount  of  the  maximum  flow  is 
between  nine  a.m.  and  five  p.m.  and  49  per  cent,  of  the 
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whole ;  whilst  only  18  per  cent,  flows  during  the  eight 
hours  of  TnininiuiTi  flow,  which  occur  between  eleven 
P.M.  and  seven  a.m.*  The  advantage  of  storm  flows 
in  flushing  is  shown  by  the  heavy  rain  which  occurred 
on  the  20th  of  June,  causing  a  flow  in  the  Savoy-street 
sewer  which  was  equivalent  to  20  times  the  ordinary 
flow  at  the  time.  This  was  six  times  the  maximum 
flow,  and  although  the  sewer  had  been  scoured,  to  a  con- 
siderable extent,  by  a  heavy  faU  of  rain  on  the  previous 
night,  the  sample  contained  more  than  double  the 
amount  of  total  impurity  contained  in  specimens  of 
ordinary  sewage. 

In  a  town  district,  such  as  that  drained  by  the 
Savoy  and  Northumberland-street  sewers,  the  quantity 
running  off  into  sewers,  within  six  hours  after  the  fall, 
varies  from  10  to  60  per  cent,  of  the  quantity  fallen. 
Of  the  rain  during  the  storm  of  the  20th  Jime,  1857, 
nearly  one  inch-and-a-quarter  in  an  hour,  65  per  cent, 
ran  off  within  15  hours  of  the  fall,  viz. : — 

46  per  cent,  in  45  minutes  after  the  rain  ceased, 

14       „        in  the  next  6|  hours, 
5       „        in  the  next  7^  hours. 
In  a  suburban  locality,  such  as  the  Counter  Greek  sewer 
drain,  the  quantity  reaching  the  sewers  would  vary  from 
0  to  80  or  40  per  cent,  in  24  hours  after  the  rain.f 

In  the  Holbom  and  Finsbury  divisions  Mr.  Boe 
calculated  that  an  18-inch  cylindrical  pipe,  laid  at  an 
inclination  of  1  in  80,  is  sufficient  for  20  acres  of 
house  sewage,  while  a  5-inch  pipe,  laid  at  an  inclina- 
tion of  1  in  20,  is  necessary  for  1  acre,  and  a  8-inch 

*  lietropolitan  Main  Drainage  Report,  pp.  15,  17. 
t  Ibid.,  pp.  76,  76. 
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pipe,  laid  also  at  1  in  20,  for  J  acre.  A  pipe  80'' 
in  diameter,  laid  with  an  inclination  of  1  in  200,  would 
discharge  1700  cubic  feet  per  minute,  and  perfectly 
drain  200  acres  of  urban  land  covered  with  houses  to 
the  extent  of  4000  or  upwards,  and  each  house  having 
a  water  supply  of  150  gallons  per  diem.  In  each  of 
these  cases,  however,  the  discharge  must  depend  on  the 
head  and  length  of  the  pipe  as  well  as  the  inclination 
at  which  it  is  laid.  Assuming  the  inclination  of  those 
pipes  to  correspond  with  the  hydraulic  inclination,  we 
have  calculated  their  discharging  powers  with  water  to 
be  respectively  807,  72,  20,  and  1700  cubic  feet  per 
minute,  the  areas  to  be  drained  being  20,  1,  J,  and 
200  acres.  In  all  calculations  of  this  kind  it  is  neceS' 
sary  to  ascertain  not  only  the  maximum  rain-fall  per 
hour,  but  also  the  proportions  discharged  per  hour, 
according  to  the  season  and  district,  into  the  main 
channel,  as  well  as  the  junctions  or  places  of  arrival. 
In  urban  districts,  1600,  2100,  and  sometimes  8600 
cubic  feet  per  hour  per  acre,  have  to  be  discharged 
after  extraordinary  rain-falls.  These  may  be  taken  as 
maximum  results.  The  gaugings  of  the  Westminster 
sewers  in  sunmier  give  68  cubic  feet  per  hour  for  the 
urban,  and  17  cubic  feet  for  the  suburban,  according 
to  Mr.  Hawkins. 

In  urban  districts,  however,  a  much  larger  quantity 
of  water  is  conveyed  more  rapidly,  cceteris  paribus,  to 
the  mains,  than  in  suburban  districts  and  catchment 
basins  generally,  in  which  the  maximimi  discharge 
per  acre  x)er  hour,  even  in  the  steeper  and  higher 
districts,  seldom  exceeds  700  cubic  feet,  and  varies 
from  about  20  cubic  feet  for  the  larger  and  flatter 
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districts  upwards.  This  arises  from  the  impervious 
nature  of  the  surfaces  it  falls  upon  in  towns,  and  the 
lesser  waste  in  passing  to  the  drains,  as  well  as  a  large 
portion  of  the  supply  being  often  artificial.  From  70 
to  90  cubic  feet  *  per  acre  per  hour,  is  generally  taken 
for  the  maximum  discharge  from  the  average  number 
of  catchment  basins ;  this  is  nearly  equal  to  a  supply 
of  one-fiftieth  part  of  an  inch  in  depth  from  the  whole 
area.  

SECTION  XIII. 

WATER  SUPPLY  FOR  TOWNS. — ^STRENGTH  OP  PIPES. — 
SEWERAGE  ESTIMATES  AND  COST.  —  THOROUGH- 
DRAINAGE. — ^ARTERIAL   DRAINAGE. 

SUPPLY. QUALITY. 

The  supply  of  water  to  towns  has  become  latterly 
a  subject  of  considerable  importance.  Three  points 
have  to  be  considered; — firstly,  a  sufficient  and 
constant  supply  at  high  pressure,  when  it  can  be 
obtained  within  a  reasonable  expenditure ;  secondly, 
the  quality ;  and,  thirdly,  the  cost.  The  advantages 
in  towns  of  high  pressure  are  now  apparent  to  all  in 
overcoming  fire ;  fronts  of  houses  and  pavements  may 
also  be  cleaned,  and  streets  watered  if  the  supply  be 
abundant.  The  highest  apartments  can  be  supplied, 
and  even  mechanical  power  can  be  obtained  for  many 
purposes,  as  grinding  coffee,  at  a  reasonable  cost. 
Mr.  Glynn  says,f  **  In  many  parts  of  London  water  is 

*  Some  interesting  observatioiis  on  rain-fall  and  flood  dischai^ges  are 
given  in  the  Transactions  of  the  Institution  of  Civil  Engineers,  Ireland, 
for  1851,  pp.  19-83,  and  pp.  44-52. 

+  Power  of  Water.— Weaia 
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supplied  at  id.  for  1000  gallons,  at  a  pressure  of  160 
feet :  a  gallon  of  water  weighs  10  lbs.,  so  that  1000 
gallons  of  water  falling  150  feet,  are  equal  to 
1,500,000  lbs.  falling  one  foot ;  and  if  1500  gallons 
of  water  be  used  in  one  hour,  they  are  equal  to 
87,600  lbs.  falling  one  foot  in  one  minute,  or  some- 
what more  than  a  horse's  power,  which  is  88,000; 
therefore,  it  may  be  assumed,  that  the  cost  of  a  horse's 
power  for  an  hour  in  such  cases,  is  only  6(2/' 

The  number  of  gallons  of  water  required  for  the 
supply  of  each  person,  including  all  collateral  uses, 
has  been  differently  estimated,  and  varies  in  almost 
every  town,  and  even  in  the  same  city — London,  for 
instance,  when  supplied  by  different  companies  and 
under  ^different  systems.  44  gallons  per  head,  per 
diem,  were  supplied  by  the  several  companies  of 
London  in  1858,  while  evidence  has  been  given  to 
show  that  the  actual  average  consumption  for  all 
purposes  did  not  exceed  10  gallons  per  head,  per 
diem;  the  remainder  having  been  wasted  under  an 
imperfect  system  of  distribution.  It  is  asserted  that 
when  the  supply  is  25  gallons  per  head,  per  diem,  that 
6  gallons  of  it  are  used  for  purposes  requiring  filtra- 
tion, 10  gallons  for  purposes  not  requiring  filtration, 
and  10  gallons  wasted,  or  two-fifths  of  the  supply. 
As  there  must  be  a  considerable  loss  under  even 
the  best  system  of  supply,  we  may  assume,  with  the 
Board  of  Health,  that  a  minimum  supply  of  75 
gallons  per  house,  per  diem,  or  16  gallons  per  person, 
per  diem,  is  necessary. 

The  following  is  an  abstract  of  the  average  number 
of  gallons  of  water  furnished  per  diem,  by  different 
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water  companies  in  London,  during  the  year  1868,  to 
each  house,  including  manufactories  and  public  estab- 
lishments as  houses : — 


New  Riyer  Company 

East  London  Water  Works .... 
West  Middlesex  Water  Works  .     . 

Grand  Junction  Water  Works     . 

Sonthwark  and  Vaaxhall  Companies'  Honses 
Ditto  average  honses,  mannfactories,  pnblic 

establishments 

Chelsea  Water  Works 

Hampstead  Water  Works                        .    . 
Kent  Water  Works 

Mean  values 


OalloDB. 


FerhouM. 


193 
187 
204 
(819 
1886 
175 

209 
227 
111 
270 


Per  person. 


2231 


2281-10 


38'8-5 
37-2-5 
40-4-5 
63-4-5 
671-5 
85 

41-4-5 
45-2-5 
221-5 
54 


4461-5 


44-8-5 


These  quantities  have  been  calculated  from  the 
parliamentary  returns  made  in  1864  ;  and  if  there  be 
any  truth  in  the  calculations  and  returns  of  the  quan- 
tities actually  consumed  per  person — said  to  be  10 
gallons — ^we  get  the  proportion,  as  10  is  to  84  so  is  the 
quantity  consumed  to  the  quantity  wasted.  But,  even 
assuming  the  quantity  consumed  to  be  20  gallons  per 
head,  what  an  immense  loss  is  here  exhibited  from 
want  of  a  suitable  system  of  check  and  distribution. 

For  large  towns  it  is  safe  to  provide  for  many  pur- 
poses, besides  present  personal  or  house  wants ;  and 
it  is  safer,  where  it  can  be  done  without  much  extra  cost, 
to  provide  for  a  supply  of  40  gallons  to  each  inhabitant, 
even  if  this  quantity  should  not  be  used  or  raised. 
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For  high  pressure,  the  supply  required  will  generally 
vary  from  15  to  40  gallons,  or  from  2*5  to  6*6  cubic  feet 
to  each  inhabitant,  or  for  an  average  of  about  28  gal- 
lons, including  the  supply  to  stables,  offices,  manufac- 
tories, and  breweries. 

The  storage  in  reservoirs  should  be  for  about  120  or 
160  days'  supply,  including  the  quantity  necessary  for 
mills  and  riparian  occupiers  lower  down.  This  latter 
is  taken  very  often  at  about  half  the  former ;  so  that 
two-thirds  of  the  storage  may  be  available  for  the  town, 
and  one-third  for  mills  and  riparian  lands.  The  actual 
relation,  however,  depends  on  local  circumstances. 

The  quality  of  water  for  drinking,  washing,  or  cook- 
ing, is  also  an  important  element  in  selecting  a  source 
of  supply.  Hardness  is  measured  by  the  number  of 
grains  of  chalk  or  carbonate  of  lime  to  a  gallon  of 
water,  each  called  a  degree.  The  average  hardness  of 
spring  water  is  about  26°,  that  is,  26  grains  of  car- 
bonate of  lime  to  one  gallon  of  water.  Kivers  and 
brooks  have  an  average  hardness  of  13°,  and  water 
derived  from  surface  drainage  5° ;  hence  the  great  ad- 
vantage of  the  latter  kinds  of  water  in  washing.  The 
average  hardness  of  the  London  pipe  waters  is  from 
10°  to  16®.  The  following  extracts  from  a  report  and 
analyses  furnished  to  me,  in  1855,  by  Professor  Sulli- 
van, of  the  Museum  of  Irish  Industry,  Dublin,  will 
show  what  is  generally  required  on  this  head  : — 

''  On  the  annexed  page  you  wiU  find  the  numerical 
results  of  my  analyses  of  the  four  samples  of  water 
which  you  left  with  me  for  examination.  From  the 
table  you  will  perceive  that  the  water  of  the  Mattock 
Biver  appears  to  I^be  the  purest,  so  far  as  the  nature 
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and  the  amount  of  the  foreign  substances  held  dissolved 
in  it  is  concerned.  The  water  of  the  Boyne  comes 
next  in  quality  to  that  of  the  Mattock  Biver^  the  pump 
water  being  in  every  sense  the  worst,  so  far  as  amount 
of  ingredients  can  be  taken  as  a  test  of  the  quality  of 
a  water  ;  in  this  respect,  indeed,  it  resembles  the  water 
of  the  deep  wells  of  London  and  elsewhere. 

"As  the  ordinary  mode  in  which  the  quality  of  a 
water,  for  drinking  and  for  culinary  and  like  purposes, 
is  judged  of  is,  by  the  comparative  amount  of  organic 
matter,  the  total  amount  of  dissolved  matter,  and  its 
hardness,  according  to  the  '  soap  test/  I  shall  give  in 
the  following  table  the  numbers  representing  each  of 
these  qualities : — 

TABLE  showing  the  number  of  grains  of  Organic  Matter,  cmd  the 
nuTnber  of  grains  of  Solid  Matter,  in  an  Imperial  OaUon  of 


Number  of 

Number  of 

Degree  of 

Grains  of 

Grainii  of 

Hardness 

Water  from 

Organic  Matter, 

Solid  Matter, 

according  to  * 

per 

per 

the 

Imperial  OaL 

Imperial  OaL 

Soap  Test.     , 

No.  1.  TuUyescar    .     . 

8-975  gre. 

81-175 

15  8-lOtliB. 

„   2.  River  Mattock  . 

2-  (about) 

15-860 

9  1-lOth. 

„    8.  River  Boyne     . 

3-250 

22-700 

14  9-10tli8. 

„   4.  Bom's  Pump    . 

7-100 

76-850 

84  4-lOt.hR. 

''In  order  to  render  this  table  more  instructive^  it 
may  be  well  to  subjoin  a  few  of  the  results  obtained 
from  the  analyses  of  the  waters  of  other  localities. 

TABLE  showing  the  numJber  of  grains  of  Solid  MaUer  contained  in  one 

gallon  of  (he  following  Water : 


Thames  at  Greenwich 

27*9  grains. 

,,         London 

.    .      280     „ 

„         Westminster  . 

.        .      24-4      „ 

Twickenham 

.     .       22-4      „ 

,,         Teddington    . 

.        •      17-4      „ 
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I7ew  Riyer  (London)  .... 
liOft       I,  ,,  ... 

Trafalgar  Sqnare  Fountain,  Deep  Well 
WeU  in  St.  Giles's,  Holbom    . 
Artesian  Well  at  Grenelle  (Paris) 


19*2  grains. 
28-7 
68-9 
105-0 
9-86 


99 


}) 


99 


>y 


''The  following  are  some  of  the  results  obtained 
from  an  examination  of  the  waters  in  the  neighbour- 
hood of  Dublin^  or  which  have  been  proposed  as  a 
source  of  supply  :* — 


Locality  ftt>m  whence  Water 
was  obtained. 

Total 

Number  of 

Grains  per 

Imperial 

Gallon. 

Total 
Number  of 

Grains 
of  Organic 

Matter. 

Degree 

of  Hardness 

according 

to  the  Soap 

Ttet 

Royal  Canal  (12tli  Lock)  .        .    . 

Grand  Canal  (7th  Lock) 

Riyer  Liffey,  at  Kippure  .        .     . 

,,               Phoolaphouca 
Lough  Dan,  Co.  Wicklow         .     . 
River  Dodder,  at  City  Weir  . 
Lough  Owel 

21-0 

16-800 
8-522 
5-126 
2-800 
8-350 

10-226 

2-80 

2-80 

1-90 

1-50 

1-225 

1-625 

1-550 

degs. 
14-0 
10  S-4ths. 

0  2-lOths. 

0  2-lOths. 

0  8-10th8. 

1  8-lOths. 
6  7-10th8. 

♦  Dr.  Apjohn  gave  the  following  analyses  : — 

Total  matter     Organic      Hard- 
dissolved,       matter.        ness. 

Grand  Canal — ^mean  of  seven  analyses    .     2078    .  -95    .     16*9 

Royal  Canal— mean  of  five  analyses        .     2076    .  1*64    .     14-1 

Liffey — ^mean  of  eleven  analyses        .     .      8*62    .  1-77    .      6-1 

Analysis  of  the  deposition  on  pipes  from  the  Portobello  basin : — 

Water 2-20 

Organic  Matter 9-71 

Sand 10-20 

Peroxide  of  Iron  and  Alumina         «        .    .  8-50 

Carbonate  of  Lime 74*20 

Carbonate  of  Magnesia '19 


100' 
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Professor  Apjohn  gave  the  following  analyses  of 
waters  furnished  to  the  city  of  Dublin  in  1860.  It 
shows  how  necessary  it  is  to  distinguish  the  time  of 
taking  specimens  for  analysis,  and  the  previoud  state 
of  the  weather  as  affecting  the  foreign  matters  in  the 
water.  The  specimens  were  collected  on  the  6th  and 
19th  of  May,  I860.  The  quantity  operated  upon  in 
each  instance  was  an  imperial  gallon,  or  277'278  cubic 
inches : — 


CITY  WATER  OOUBSE,   DODDEB. 


SthMay. 


;  :h' 


056 


Carbonate  of  lime 
Carbonate  of  magnesia 
Sulphate  of  lime  and  chlo- ) 
ndes   of    sodium    and  >  2*269 
magnesium  .        .        •  ) 

SQei 0166 

Or^oiic  matter  .    1*811 

8-802 


19th  Kaj. 

y-sos"^ 

0700 
2171 

0-526 
1-101 J 

11*806 


Sp^ific  grayi^  of 
specimen  (5th  May) 

100011. 

Specific  gravity  of 

specimen  <19th  May) 

100014. 


FOBTOBELLO  BABIK. 


Carbonate  of  lime        .     . 

Carbonate  of  magnesia 

Sulphate  of  lime  and  chlo- 
rides of  sodium  and 
magnesium  . 

Saex 

Organic  matter 


7-687 

4-058 

0  078 
8*808 

15-126 


11-660^ 
0-764 

8-751 

0194 
2  289  J 

18-658 


Specific  gravi^  of 
specimen  (5th  May) 

1*00028. 

Specific  gravity  of 

specimen  (19th  May) 

1*00081. 


It  will  be  observed  that  the  quantities  of  saline  and 
other  ingredients  found  in  specimens  of  the  same  water 
collected  at  the  two  separate  periods  above  mentioned 
are  materially  different ;  those  obtained  at  the  later 
date  (May  19)  containing  the  larger  portion  of  foreign 
matters.  The  extent  of  this  variation  is  very  consider- 
able, and  it  appears  to  Dr.  Apjohn  to  have  been  the 
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consequence  of  a  very  considerable  fall  of  rain,  which 
took  place  in  the  interval  between  the  periods  at  which 
the  specimens  were  taken  up  for  analysis. 

When  the  means  of  the  preceding  analyses  are  taken, 
we  obtain  the  following  results : — 


City  Water  Coune. 

Portobello  Badn. 

Mean  amonnt  of  saline  matter                8  '598 

14*094 

„          „           organic  matter             1*456 

2-798 

The  quality  of  a  water  for  drinking  purposes  de- 
pends in  a  great  degree  upon  the  condition  in  which 
the  organic  matter  is  found,  much  more  than  upon  its 
quantity.  This  id,  however,  a  question  outside  of  the 
domain  of  chemistry,  and  can  only  be  solved  by  the 
aid  of  the  microscope. 

As  a  general  rule,  the  water  of  clear  flowing  rivers, 
even  though  it  may  contain  a  large  amount  of  soUd 
matter,  and  even  of  organic  matter,  will  be  found 
wholesomer  than  well  water,  especially  in  towns. 

The  whole  of  the  lime  and  magnesia  existing  as 
carbonates  is  precipitated  by  boiling,  the  water  being 
thus  proportionably  rendered  less  hard ;  lime  and 
magnesia  existing  as  sulphates  or  chlorides,  on  the 
other  hand,  are  not  precipitated.  This  difference  is 
of  great  consequence  in  culinary  operations,  as  where 
boiled  water  is  used,  the  carbonates  of  lime  and 
magnesia  are  not^jurious,  and  if  no  sulphates  or 
chlorides  be  present,  the  water  may  be  soft  after 
boiling.  The  same  observation  applies  to  water  used 
for  washing  clothes  when  boiled.  And  lastly,  sul- 
phate of  lime  forms  one  of  the  worst  elements  of  fur  oi* 
deposit  upon  steam  boilers. 
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Taindar  Remits  of  the  Special  Analyses  of  Four  Samples  of  Water 
from  the  neighbourhood  ofDrogheda, 


Nature  of  diMolved 
matter. 

No.  1.      No.  2. 

Tullye-  Hattook 

scar.      BiTor. 

No.  8. 

1  Boyne 

RiTer. 

No.  4. 
Bum's 
pump 
water. 

Observations. 

/    Inclusive  of  a 

Carbonate  of  Ume    .    . 

9-350 

7-802 

11*648 

21-475  > 
0-585/ 

titj    of     phos- 

Carbonate  of  magneaia 

0-429 

0-610 

0-888 

■  phate  of    lime 
and     iron    not 

sepezmted  from 

Vthelime. 

9-043 

2-514 

4*450 

4-668 

Chloride  of  magnealum 

0-748 

1.258 

1-686 

8-446 

Chloride  of  ealdom 

■  • 

•  • 

•  • 

9-624 

Chloride  of  sodium 

•  • 

0-991 

•  • 

■  • 

Magnesia    existing  as 

crenate,   Aa,  in  the 

water 

0-404 

■  ■ 

•  • 

•  ■ 

Lime       do.       do. 

•  ■ 

•  • 

•  • 

0-548 

Sllloa       do.       do. 

0-027 

*  • 

0-822 

2-212 

Potash  and  soda  exist- 

ing in  water»  as  ni- 

trates, oranates,   and 
other  oiganic  salts.    . 

1-544 

(2-785 

■  • 

0-448 

22-898 

Oiganie  matter    . 

Total  number  of  gralna 
per  Imperial  gauon  . 

8-975 

8-250 

7-100 

81175 

15-800 

22-700 

76-850 

The  saTiDg  in  soap  effected  by  a  reduction  of  10  de- 
grees in  hardness,  is  found  to  be  over  50  per  cent. 

Some  of  the  metropolitan  waters  analysed  by  Dr. 
Robert  Dundas  Thomson,  F.B.S.,  were  found,  in  May, 
1860,  much  more  impure  than  others,  the  samples  of 
which  had  been  taken  at  the  beginning  of  the  month, 
before  the  impurities  conveyed  by  the  rains  had  con- 
taminated them.  The  supply  afforded  by  large  and 
small  rivers,  as  in  London,  in  this  table,  contrasts 
most  unfavourably  with  that  afforded  by  the  drainage 
of  mountain  ridges,  as  at  Glasgow  and  Manchester. 
The  specimens  of  water  from  the  two  latter  cities  were 
taken  by  the  instructions  of  Mr.  Bateman,  F.R.S.,  the 
engineer,  from  the  main  pipes  during  the  month.     It 
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should  be  the  object  of  the  London  Companies  to  avoid 
pumping  the  water  in  its  most  impure  state,  and  to 
store  it  when  in  the  condition  of  the  greatest  purity. 


Distilled  water 

Loch  Katrine  water,  new  supply  to  Glasgow 
Manchester  water  supply  .  .  .  . 
Thames  Companies  : — Chelsea 

Southwark 

Grand  Junction 

West  Middlesex 

Lambeth 

Other  Compakibs  :— New  River  . 

East  London 

Kent 


Total 

Impurity 

per  gallon. 


Gn.,  or '. 

0  0 

8  16 

4-32 

17-84 

17-08 

20-72 

20  08 

20-80 

18-62 

28-64 

21-68 


OxigBnic 

Impurity 

per  gallon. 


Gra.,or". 
0  0 
0-96 
0-64 
1-48 
1-64 
2-00 
2-08 
2-40 
1-66 
8-20 
2*96 


The  table  is  read  thus : — ^Loch  Katrine  water  contains 
in  the  gallon  8*16  degrees^  or  grains,  of  foreign  matter 
in  solution,  of  which  *96  degrees,  or  grains,  are  of 
vegetable  or  animal  origin. 


SOURCES  AND  GATHERINa  GROUNDS. 

The  sources  from  which  a  water  supply  for  towns 
may  be  derived  are  lakes,  rivers,  and  streams,  springs, 
wells,  and  gathering  grounds.  Of  the  latter  it  may  be 
said  that,  however  ably  put  forward  under  the  auspices 
of  the  Board  of  Health,  it  is  far  safer  to  resort  to  good 
river  waters  than  trust  to  what  has  been  termed,  with 
some  satirical  truth,  "  new-fangled  schemes  of  pot-piped 
gathering  grounds."  Springs  and  wells  afford,  at  best, 
but  a  partial  supply  unless  for  villages  or  manufiEtctories ; 
and  we  must  almost  always  trust  to  lakes,  rivers,. or 
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TABLE  s/uncing  the  QuanliHes  of  Oathering  Oround  and  Ettermiir 
Room  to  supply  a  given  population  vritli  15,  30,  and  10  gallant  of 
taUer  per  head  per  diem.  The  ratenoir  room  is  caJcuJofeif  to  hold 
12  iTiches  i»  depth  of  rain-fall  per  mile  as  a  gaide  for  lesser  depths. 
For  i  ineha  the  rtmlU  are  la  be  divided  by  3;  and  for  6  inches  by  2. 


1} 

Is, 

III 

i 

I 

"ss= 

1 

ll'l 

s 

llal 

2,600 

1,250 

937 

4-179 

■0376 

0789 

2-196 

6,000 

2,600 

1.875 

8-358 

■075 

1577 

4-393 

7,500 

3.760 

2,812 

12-636 

■1125 

2366 

6  589 

10,000 

6,000 

3,750 

18-715 

■15 

3154 

12,500 

6,250 

4,687 

20-894 

■1876 

3942 

10-982 

16,000 

7,600 

6.826 

25-072 

■226 

4731 

13-170 

I7.E00 

8,750 

6.682 

29 -251 

■2625 

5616 

15375 

20,000 

10.000 

7.600 

33-430 

-300 

6308 

17-572 

25,000 

12,500 

9,376 

41-788 

■376 

7886 

21  ■965 

30,000 

15,000 

11,250 

60145 

■46 

9462 

26-358 

35,000 

17.5UO 

13,126 

68-6 

■525         1 

1039 

30-75 

40,000 

20,000 

66-9 

■6            1 

2616 

35-144 

45,000 

22,500 

161876 

75-217 

■675         1 

41B3 

39-537 

60,000 

25.000 

18.760 

83-67 

■75          1 

677 

43 '93 

65,000 

27,600 

20,626 

91832 

■825         1 

73* 

48-32 

80,000 

30,000 

22,600 

100-29 

■9            1 

8924 

52-716 

B5,000 

32,500 

24,376 

108-65 

-676        2 

0501 

57 -109 

70,000 

36,000 

26,260 

117- 

105          2 

2078 

61  ■502 

76,000 

37,500 

28,125 

126  38 

112G         2 

3655 

65-895 

80,000 

40,000 

30,000 

183-72 

1-2            2 

6232 

70'288 

85,000 

42,600 

31.875 

1421 

1275        2 

6809 

60,000 

45,000 

33,750 

160-435 

135          2 

8388 

79-074 

95,000 

47,500 

36,625 

158-8 

1-426         2 

970 

83-467 

100,000 

60,000 

87,600 

16716 

1-6            3 

164 

87-86 

106,000 

62,600 

36,376 

176-6 

1-67          3 

311 

B2-25 

110,000 

66,000 

41,250 

]S3'86 

1'65          3 

469 

96  ^64 

115.000 

57,500 

43.125 

192-22 

1-72          8 

62 

101-10 

120,000 

60,000 

<6,000 

200-68 

1-8            8 

786 

106-43 
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streams,  with  reservoirs,  for  stowage,  for  a  sufficient 
supply  for  large  towns.  The  Croton  aqueduct,  con- 
veying water  with  an  average  of  three  degrees  of 
hardness,  to  New  York,  is  perhaps  the  noblest  work 
for  water  supply  of  modem  times.  The  length  of  the 
aqueduct  is  about  44  miles,  with  a  channel  inclination 
of  about  15  inches  per  mile.  The  receiving  reservoir 
is  about  two  miles  higher  up  the  channel  than  the  dis- 
tributing reservoir,  which  latter  is  116  feet  over  the 
level  of  thjB  sea,  and  commands  the  highest  buildings 
of  the  city.  In  the  driest  weather  the  supply  is  equal 
to  28,000,000  gallons.*  The  cost  of  the  work,  includ- 
ing the  purchase  of  land  and  water  rights,  was  8,576,000 
dollars,  or  £8  per  lineal  foot  nearly.  The  cost  of  dis- 
tributing pipes  was  1,800,000  doUars.  We  have  had 
also  the  Loch  Katrine  and  Glasgow  aqueduct,  a  noble 
work,  constructed  after  this  model  by  Mr.  Bateman, 
notwithstanding  the  previous  supply  of  that  city,  or  a 
portion  of  it,  the  Oorbals,  from  gathering  grounds  at  a 
high  level.  The  Vartry  supply  for  Dublin,  carried  out 
under  the  same  engineer  and  Mr.  P.  Neville,  the  city 
surveyor,  is  derived  by  embanking  and  storing  the 
waters  of  the  River  Vartry.  It  is,  however,  sometimes 
necessary  to  make  use  of  such  grounds,  particularly 
when  flanking  or  lying  above  glens  where  an  embank- 
ment may  be  easily  thrown  across,  and  the  supply 
stored  for  use,  which  would  otherwise  pass  quickly  off. 
The  table,  page  853,  gives  the  areas  of  reservoirs  and 
gathering  grounds  according  to  a  collection  of  one  foot 
in  depth  from  the  catchment ;  it  can  be  easily  modified 

•  Schramke's  Croton  Aqueduct,  New  York. 
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when  the  storage  or  required  supply  exceeds  or  falls 
short  of  this  depth.  One  acre  of  gathering  ground  tvith 
a  collection  of  twelve  inches  ofrain-faUfrom  it  annually 
tcHl  give  a  daily  supply  of  five  cubic  feet  per  head  to 
twenty-four  inhabitants ;  or  of  four  cubic  feet  ^  or  twenty- 
five  gallons,  to  thirty  inhabitants. 

The  next  table  will  be  of  use  in  showing  the  actual 
quantities  which  have  been  collected,  or  could  have 
been  collected,  for  storage.  Homersham,  Hughes, 
and  Beardmore's  books  have  been  consulted  in  arrang- 
ing it. 

The  various  methods  employed  for  purification  may 
be  classed  under  three  heads :  mechanical,  by  filtering 
or  straining;  chemical,  or  antiseptic  media,  such  as 
peat  and  animal  charcoal,  and  precipitation  by  the  use 
of  lime  water ;  and  the  natural  precipitation  of  impuri- 
ties when  the  water  is  at  rest,  as  well  as  the  purifica- 
tion which  takes  place  from  oxidation  and  neutralization 
on  thorough  exposure  by  the  ozone  of  the  atmosphere. 
This  latter  plan  has,  however,  been  tried,  and  signally 
failed.  Filter  beds  may  be  constructed  to  have  a  sur- 
face area  of  one  square  yard  for  every  800  gallons 
filtered  in  twenty-four  hours.  For  executed  works  the 
proportions  vary  from  1  in  460  to  1  in  1140. 

COST. 

With  reference  to  cost,  the  following  tables,  arranged 
by  us  from  various  sources,  will  afford  information  from 
works  executed. 

The  estimated  cost  of  the  water  supply  for  Dublin 
from  the  Vartry  was  £800,000  for  12,000,000  gallons 

A  A  2 
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TABLE  showing  iiifomuUion  trith  reference  to  size  of  Reservoirs,  CcUch- 
ment  Areas,  d:c.,  collected  and  arranged  from  various  authorities. 
The  first,  fifth,  and  sixth  columns  contain  infonnation  with  reference 
to  reservoirs  and  the  collecting  areas  ;  the  second,  third,  and  fourth, 
show  for  different  districts  the  whole  rainfall,  and  the  portions  or  per 
centage  flowing  off  and  avaiktble. 


Names  of  Drainage 

Areas  and 
names  of  Reaenroira. 


A«hton      .... 

Albany  Worka,  U.S.     . 

Ballinrobe,  IreUuid 

Belmont  (moorlandX 
mean  of  four  years 

Bolton  .... 

Bute  (Low  country) .    . 

Batexnan's  evidence  on 
the  drainage  area  of 
Longdendale : — 

First  half  of  1845,  very 
dry      .... 

Second  half  of  1845  .    . 

Firsthalf  ofl846  . 

Oct.,  Nov.,  and  Dec., 
1846 

Bann  Reservoir  (moor- 
land)  .... 

Drainage  areas  on  south 
side  of  Longridge 
Fell,  near  Preston, 
May.  1852,  to  April, 
1863        .... 

Dilworth  Reservoir  of 
Preston  Works,  Lan- 
cashire . 

Olencorse .       ... 

Greenock 

Homersham's  estimate 
of  24,000  cubic  feet  of 
Reservoir  to  each  acre 
of  drainage  .    . 

Longdendale. 

Proposed  Reservoir  for 
WolverhamptonWorks 

Rivington  Pike     . 

Sheffield  .        .    . 

Turton  and  Entwistle  . 


•59 
•29 
110 

2-81 
•80 


}:: 


*092 
6  00 

7-88 


1 
28-8 


22t 


2f 
16- 


•26 
1-42 
8*18 


40-0 
49-8 
64-6 
46-4 


21*2 
38^6 
22-6 

10-2 
72- 


64- 


87  •© 
60-0 


66-6 

••• 

46*2 


I 


••"•eg 

11: 


tfe 


Q 


Is 

o 


15-5 
28-'5 
89-6 
23-9 


13-6 

27-25 

17-5 

8-67 

48-0 

15-5 
18-0 
22*0 


22-3 
41-0 


24-26 
41-0 


ip5" 


a-^ 


39 

•  • 

58 
72 

•  • 

63 


64 
71 

78 

85 

66 

29 
33 
43 


60 
68 


44 

89 


ES.S 


210 
1-1 


26-8 
26-6 


54-0 
7-66 
88- 


16*86 
12-3 

•7 
29-6 
36-5 
81-43 


12 
82 


6 
46 

30O 


16-86 
292 

16 
481 

52 
100 
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daily.  It  is  said  to  have  cost  £1  VJs.  &d.  a  head^ 
Glasgow  £S,  Manchester  £2  188.,  and  Birmingham 
£3.  The  annual  cost  of  filtering  1,000,000  gallons 
daily,  capitalized,  is  put  down  at  j£l,250  by  Sir  John 
Hawkshaw  in  his  report  on  the  Dublin  supply.  This 
would  be  £62  10«.  yearly.  It  varies  from  £40  to  £120 
under  different  circumstances.  The  works  of  construc- 
tion and  the  first  cost  of  the  filters  may  be  taken  at 
about  £2,000  for  each  1,000,000  gallons  to  be  filtered 
daily. 

The  supply  to  the  suburbs  of  Dublin  is  given  at  a 
charge  of  about  3^  pence  for  each  1,000  gallons.* 

The  actual  cost  of  all  works  for  house  service  varies 
very  much  ii^  different  towns,  and  with  the  quantities 
supplied,  from  a  general  average  of  Id,  per  house  per 
week,  to  2d.,  and  from  an  annual  rate  of  9d.  in  the 
j)ound  to  Is.  6d.,  and  higher.  The  cost  of  raising  and 
supplying  1,000  gallons  from  a  height  of  185  feet  in 
Nottingham  is  said  to  be  8d.,  and  the  charge  for  house 
service  to  vary  from  5«.  to  60«.  annually.  In  Rugby, 
the  average  cost  per  house  is  19«.  per  year,  4Jd.  per 
week,  or  an  annual  charge  of  3$.  3d.  per  year,  or  id. 
per  week  per  head  of  the  population,  and  for  a  bare 
supply  of  13  gallons.  In  Croydon,  for  a  supply  of  only 
14  gallons  per  head,  the  cost  of  works  varied  from  1  Jd. 
to  2^d.  per  house  per  week.  The  parliamentary  re- 
turns, showing  the  number  of  houses  supplied,  and 
cost  of  supply,  by  different  water  companies  of  London, 
in  1884,  give  the  following  results  : — 

*  In  December,  1874,  the  quantity  sent  into  the  city  and  accoonted 
for  is  stated  to  have  been  7,226,000  gallons,  and  the  waste  6,631,000 
gallons  daily  1    District  waste  water  meters  are  here  essentia]. 
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Number 

DaOyaTerage 

Height  of 

Amoont  of 

COMPANIES. 

of 
H0UM8. 

Supply  in 
GalloDB. 

Supply  over 
Thames. 

chaip)per 
Companj. 

£   s.    d. 

New  River    .     . 

73,212 

241 

145 

16    6 

Chelsea 

13,891 

168 

135 

1  13    8 

West  Middlesex 

16,000 

185 

155 

2  16  10 

Grand  Junction . 

11,140 

850 

152 

2    8    6 

East  London.     . 

46,421 

120 

107 

12    9 

South  London    . 

12,046 

100 

80 

0  15    0 

Lambeth   . 

16,682 

124 

185 

0  17    0 

Southwark    .     . 

7,100 

156 

60 

113 

Cost  of  house  apparatus  for  private  supply  from 
street  mains^  as  averaged  by  the  Board  of  Healthy  for 
first-rate  houses,  is  £3  188.  2d. ;  second-rate  houses, 
£2  18a.  &d. ;  third-rate,  £%  8^.  8d. ;  fourth-rate  and 
cottages,  17a.  5d. ;  average  cost  for  houses  and  cot- 
tages, £2  8a.  Id, 

The  actual  cost  of  private  works — ^to  take  water  from 
mains  for  the  supply  of  cottages — ^is  shown  in  the  fol- 
lowing table : — 


Work 
exeoutod  In 

Name  of  Place. 

Moan  Expense 
of  Private 
Works  for 

each  Cottage. 

Annual  Value 
of  each 
Cottage. 

Jan.  1852 

Mar.  1852 

„     1852 

Aug.  1852 

Rugby,  mean  of  6  Cottages 
Croydon  .     .     10       „ 
Barnard  Castle  11       „ 
Tottenham   .      6      „ 

£    8.    d. 

1  12  11 

2  00 

1 18  n 

2  11  lOj 

£   8,    d. 
5  10    0 
4    0    0 
8    2    6 

10    0    0 

Mean  value 

» for  each  Cottage     .    •    . 

2    0    9 

5  18    li 

The  water  rate  charged  hy  the  Local  Board  at  Tot- 
tenham is  given  as  follows : — 
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In  ths  Spsdil  District  lUta 

■ff«tariUte 

WUvIUts 

AbOT. 

And  not 
tUHdIng 

On  Premises 

£     t.    d. 

10  "o   0 
16    0    0 
20    0    0 
25    0    0 
SO    0    0 
40    0    0 

£    t.    d. 
10    0    0 
16    0    0 
20    0    0 
2S    0    0 
30    0    0 
40    0    0 
CO    0    0 

£  ,.  d. 

a  ».  d. 

0    2    6 
0    3    9 
0    5    0 
0    6    3 
0    8    0 
0  11    0 
0  14    0 

and  Ss.  for  every  additional  rate  of  £\0. 

PUBLIC  WORKB   OP   WATEB   SUPPLY,    PEE8T0M. 
TihU.  CoitolFlpH.  &    t.    d. 

44  of  2-ia.  iron  pipes,  mclodiiig  TalTes, 
fire-plugB,  outlet  pipes,  and  all  ap- 
pnn«ntuic«e,  at  1».  «    «    ~ 

1,496  of  3-m.  ditto,  at  3».  4d. 
S31  of  4-ui.  ditto,  at  4f.  9i£. 
625  of  6-iii.  ditto,  at  6j: 
30  of  B-in.  ditto,  at  Si.  6d. 

2,616  £S30  16     1 

ffaitr  Supply  and  il*  OaA  for  mmu  CUie»  and  Town*,  from  a  Faptr 

read  to  the  BrilUh  Jaoeiatian  at  Ludt,  in  186S,  iy  Dr.  Strain,  oj 

Olafoa.     Vide  Builder, /or  1858,  p.  663. 


pu 


Irt 


i4,goo,D«i 


360 


THE  dischauge  of  water  from 


o 
p 

o 
1^ 


oo 


o 


P3 
O 

:^ 

<; 

o 
p? 

« 

o 
en 


o 


-pepnodxo  i^tdvo 
no  ppBd  oSe^aoo  jo  j 

O 

o 

o 
o 

o 

e» 

o 
o 

rH 

CO 

rH 
O 

CD 
M 

CO 

o 
o 

to 

o 

00 

CO 

-K^Moio  jat^vii 

• 

• 

• 
• 

CO 

en 

•wiq«^s 

• 

••* 

• 
• 

O 

o 

o 
f* 

o 

o 

^■4 

o 
o 

00 

Ok 

'89SJ0H 

•• 

o 
to 

• 
• 

m 
m 

• 
• 

• 

00 

"flOsnoH  BTOjo  XH9 

• 

•8 

• 

m 
• 

o 

to 

00 

o 

■ 
• 

• 

• 
• 

• 
• 

m 

• 

O 

-BMnoH  BWio  xtff 

• 
• 

o 
o 

M 

O 

o 
to 

rH 

• 

• 
• 

• 
* 

o 

CO 
rH 

O 

m 
« 

r-* 

to 

f* 

*soBnoH  8WI0  P'S 

o 
o 

o 
to 

O 

O 
ft 

04 

• 
• 

• 

O 
rH 

m 
• 

CO 

s 

T-t 

'BoenoH  bwio  pog 

o 
o 

CQ 

00 
C4 

O 

o 

rH 

eo 

• 
* 

i 

O 
CO 

• 

rH 
0« 

*B08noH  a»«H  Vt 

o 
o 

o 
on 

CO 

o 
o 

• 
• 

• 
• 

o 
o 

• 
• 

CO 

o 

rH 

00 

'8nzooH9I 
SoiiifB^xzoo  89SnOH 

o 

CO 

o 

• 
• 

1 

• 
• 

o 

• 
• 

• 
• 

00 
04 

*STnooH  21 

o 

00 

• 
• 

• 
• 

o 
to 

rH 

o» 

• 
■ 

• 

to 

00 

'smooHOI 

.00 

o 

00 

o 
o 

Q4 

§1 

o 

09 

• 
• 

00 
00 

Sofuiv^aoo  998noH 

'sxaooHS 
J9apz;v;aoo  smroh 

• 
• 

• 
• 

• 

o 

« 
• 

o 
o 

o 
to 

r1 

•8TnooH9 
JSufuiv^noo  sosnoH 

o 

•-4 

1-1 

o 
o 

o 

rH 
iH 

»-( 
O 

O 

CD 

rH 

o 
to 

rH 

o 
o 

rH 

to 

w4 

'staooH? 
J9tr(m«;aoo  sesnoH 

O 

lO 

rH 

O 

o 

04 

rH 

O 

to 

rH 

•<* 

O 
O 

O 

00 

r-t 

o 

•stnooH  8 

• 
• 

• 

O 

O 
•H 

• 
• 

O 

to 

CD 
r-t 

J9ani|^no9  sosnoH 

'sozooH  Z 
J9tE)apj!^noo  89snoH 

•^2 

• 
• 

• 
• 

«o 

O 
OO 

• 

O 
O 

•H» 
rH 

O 
rH 

1 

■ 
• 

1 

• 

1 

i: 

f  M 

i 

1 

• 
• 

1 

• 
• 

• 

t 
o 

i 

• 
• 

•OKT 

1    - 

C< 

oo 

"<* 

lO 

CO 

*- 

00 

^ 

ORIFICES,    WEIRS,  PIPES,  AND  RIVERS, 


361 


The  cost  of  pumping  varies  with  circumstances ;  we 
believe  that  pumping  engines  cannot  be  put  down  at 
less  than  from  £60  to  £100  per  horse  power,  dependent 
on  the  size  of  the  engine,  although  the  Board  of  Health 
adopted  a  standard  of  £50  per  horse  power.  For  the 
town  of  Drogheda  we  estimated  for  two  engines  at  £76 
per  horse  power.  The  foUowing  information  respecting 
the  cost  of  the  Waterworks,  Cork,  was  kindly  furnished 
to  the  author  by  Sir  John  Benson,  the  engineer,  who 
designed  and  carried  out  the  works. 

CORK  WATER  WORKS. 


Steam  engine  100- 
horse  power. 


Two  SO-borse  power 
turbines. 


ReservoiiB — 
One    of  3,500,000 

gallons. 
One  of  568,000  gal- 
lons. 
Cost  per  bead. 

Yalnation  standard 
per  pound  on  the 
valuation. 

Yearly  cost  per  five 
inhabitants. 

Water  supplied. 


Direct  acting  Cornish  Engine  with 
three  cylindrical  flue  boilers,  in- 
cluding engine  and  boiler  house, 
setting  boilers,  chimneys,  &c.,  &c., 
per  horse  power      .        .        .     . 

Two  turbines  completed  with  four 
11  in.  ram  pumps  on  each,  includ- 
ing buildings,  cisterns,  sluices, 
gate^  screens,  per  horse  power 

One  reservoir  on  a  level  of  186  ft. 

over  weir 
One  reservoir  on  a  level  of  860  ft. 

over  weir    .         .         .         ' 
The  inhabitants  in  1851,  86,000 
The  inhabitants  in  1861,  100,000  . 
City  valuation,  £112,000  .        .     . 


Distribution  per  house  of  every  five 
persons 

Quantity  supplied,  including  manu- 
factories, to  one  person  per  day   . 


£    s.     d. 


55    0    0 


44    0    0 


4,900    0    0 


0  15 
0  IS 
0  11 


341 

0 


0    5    0 
30  gallons. 


The  total  estimated  cost  of  engines,  including  pumps, 
engine  houses,  wells,  &c.,  for  raising  the  London  sew- 
age, is  £70  per  horse  power,  and  the  annual  cost  £20 
per  horse  power.* 

*  Main  Drainage  Report,  1857,  p.  29. 
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When  coals  are  10«.  per  ton,  the  cost  of  an  engine 
exceeding  100-horse  power,  single  acting  Cornish, 
working  night  and  day,  will  be  £10  per  horse  power ; 
when  coals  are  15«.  per  ton,  the  cost  would  be  dEl8  per 
horse  power ;  when  coals  are  20«.  per  ton,  the  cost 
would  be  £1Q  per  horse  power ;  when  coals  are  25«. 
per  ton,  the  cost  would  be  £19  per  horse  power.  These 
estimates  have  been  given  by  Mr.  Hughes,  and  include 
every  expense  of  coals,  wages,  oil,  tallow,  materials  for 
packing,  cleaning,  &c.,  but  none  for  interest  of  capital 
or  depreciation  of  machinery.* 

At  Ely  the  cost  of  pumping  is  stated  by  a  writer  in 
the  Builder  to  be  as  follows : — 

To  pump  one  million  gallons  140  feet  lugh,  the  old  engine  con- 
sumes : —  £  «.   d. 
Four  tons  of  coal,  at  16«.  per  ton  .        .        .        .340 

Oil,  tallow,  and  packing 0  12    0 

Wages 0    9    0 

Total  cost  of  pumping  one  million  gallons         ..450 
which  gives  Id,  per  1,000  gallons  pumped  140 
feet  high  (not  a  very  high  price). 
The  new  engine  requires : — 
Five  and  a  half  tons  of  coal  at  16&        .        •        .480 

Oil  tallow,  and  packing 1  10    0 

"Wages 120 

Total  cost  of  pumping  one  million  gallons  140  feet 

high 700 

which  is  65  per  cent  more  money  than  the  old 
engine  requires. 

While  another  writer  in  the  same  periodical  states,  that 
the  cost  of  pumping  1,000,000  gallons  with  the  old 
engine  was  £4  18a.  8^(2.,  and  with  the  new  engine, 

*  Main  Drainage  Beport,  1857,  p.  447. 
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£4:  10».  Id.  In  the  preceding  table,  arranged  from  in- 
formation in  Mr.  Hughes'  book,*  the  estimated  cost 
of  pumping  engines  for  various  works,  English  and 
American,  is  given. 

In  Example  28,  pages  25  to  27,  we  have  pointed 
out  the  method  of  calculating  the  increase  of  horse 
power  required  in  raising  water  through  pipes  from 
friction,  and  also  the  great  increase  of  this  extra  head 
if  the  velocity  increases  ;  the  increase  being  nearly  as 
the  square  of  the  velocity.  In  addition  to  this,  an 
allowance  of  horse  power  must  be  made  for  bends, 
curves,  junctions,  and  other  obstructions,  for  the 
effects  of  which  see  Section  XI.  The  more  slowly 
the  water  is  pumped,  the  less  will  the  loss  be  from 
these  causes  through  the  same  pipe.  It  is  therefore, 
so  far,  advisable  to  give  as  large  a  diameter  to  the 
pipes  supplying  a  reservoir  from  a  pumping  engine  as 
other  aspects  of  the  question,  cost,  and  engine,  power, 
will  admit. 

A  report  by  the  Water  Committee  of  Plymouth, 
printed  in  a  local  newspaper  of  13th  October,  1864, 
contains  much  useful  information  respecting  the  water 
supply  of  the  following  places  at  that  time : — 

Bristol  (population  140,000). — This  city  is  supplied 
by  a  company  drawing  its  water  from  the  Mendip-hills; 
the  pipes  being  too  small  and  quantity  deficient,  it  is 
not  continuous,  nor  is  the  quality  good.  The  scale  of 
rates  ranges  from  5  per  cent,  on  low  rentals  to  3  per 
cent,  on  rentals  of  £100,  and  2J  per  cent,  on  rentals 
of  £200  and  upwards.     For  trade  purposes  the  water 

♦  Weale,  London. 
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rate  is  6d.  per  1,000  gallons  the  minimum,  to  Is.  6d. 
per  1,000  gallons  the  maximum.  Water  closets, 
stables,  baths,  &c.,  charged  extra  to  domestic  supply 
and  reduced  rates — ^no  overflow  or  waste  pipe  per- 
mitted to  communicate  with  any  cistern  or  bath  unless 
supplied  by  meter.  No  cistern  for  closet  containing 
more  than  two  gallons  allowed  without  extra  payment. 
The  company  undertakes  plumbers'  work  on  moderate 
terms. 

Gloucester  (population  80,000). — The  Local  Board 
of  Health  hold  the  water  works  in  trust  for  this  city. 
For  domestic  purposes  the  rates  are  moderate,  houses 
under  £10  paying  8«.  8d.  per  annum ;  from  £10  to 
£60,  5  per  cent. ;  £60  to  £70,  8 J  per  cent. ;  £70  to 
£80,  8 J  per  cent;  above  £80,  3|  per  cent.  Meter 
rates  were  only  determined  on  in  December,  1862 ; 
range  from  6d.  per  1,000  gallons  on  the  million  and 
upwards,  to  Is.  per  thousand  gallons  under  100,000 
gallons.  Service  box  cisterns  are  not  enforced, 
although  generally  adopted  by  the  better  class  of 
consumers. 

Derby  (population  45,000). — A  private  company 
supplies  this  city.  The  supply  is  constant  at  high 
pressure,  and  is  of  good  quality.  All  house  apparatus 
and  fittings  are  in  accordance  with  the  regulations  of 
the  company,  and  subject  to  the  inspection  of  their 
officers.  Service  box  cisterns  to  closets  are  strictly 
enforced.  No  overflow  or  waste  pipes  are  permitted 
to  cisterns  without  meters,  and  rain  water  carefully 
excluded  therefrom.  The  scale  of  rates  for  domestic 
use  and  by  meter  is  moderate.  The  Local  Board  of 
Health  contracts  for  the  supply  of  baths  and  wash* 
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houses,  at  the  rate  of  Se{.  per  1,000  gallons.  Water 
for  streets,  when  not  drawn  from  the  river,  is  charged 
at  the  lowest  meter  rate.  The  consumption  is  rather 
above  19  gallons  per  head  per  day,  including  numerous 
wells  and  large  manufactories. 

Nottingham  (district  population,  76,000).  —  We 
cannot  say  too  much  in  commendation  of  the  superior 
arrangement  and  management  of  the  water  works  of 
this  town,  for  whilst  the  greatest  economy  is  used,  an 
abundant  amount  of  contentment  is  manifested  by  the 
consumers :  the  consumption  averaging  17  galls,  per 
head  per  day.  A  constant  high  pressure  supply  has 
been  maintained  by  the  company  for  the  last  20  years. 
Overflow  or  waste  pipes  to  cisterns  are  prohibited,  but 
warning  pipes  in  exceptional  cases  fitted  with  the 
approval  of  inspectors.  All  water  closet  cisterns  are 
fitted  with  service  boxes,  and  in  no  case  is  rain  water 
allowed  to  flow  into  any  such  cisterns.  No  supply  is 
allowed  to  be  laid  on  or  apparatus  fixed  by  any  other 
than  an  authorised  plumber  or  the  workmen  of  the 
company.  The  rates  vary  according  to  the  level  sup- 
plied :  consumers  by  meter  pay — 

Price  per  1,000  gallons. 
Lower.        Middle.    Higher. 
cL,  dm  cL 

Not  exceeding     60,000  galls.      6  9  12 

„         „  400,000  galls.      4i  6|  9 

Exceeding       1,600,000  galls.     ,8  4^  6 

Tanks  with  meters  affixed  are  placed  in  suitable  parts 
of  the  town  for  supplying  carts  for  street  watering,  a 
cart  being  filled  in  three  minutes,  the  Local  Board 
paying  the  lowest  meter  rate.      The  company  have 
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adopted  call-books  for  complamts^  repairs,  &c., 
plumber's  book  for  instraction,  and  issue  cards  for 
securing  attention  to  the  work  required  to  be  done. 

Norwich  (population  75,000). — The  water  works  of 
this  city  furnish  another  example  of  good  management. 
The  average  consumption  for  private  and  public  pur- 
poses is  14^  gallons  only.  A  beneficial  change  is  due 
entirely  to  the  zealous  care  in  distribution,  seconded 
in  a  praiseworthy  manner  by  a  discriminating  public. 
The  company  does  a  large  portion  of  the  plumbing  and 
water  fittings,  the  best  feeling  exists  between  the 
various  tradesmen  and  the  officers  of  the  company. 
The  service  box  cisterns  here  provided  for  closets  L 
very  simple,  effective,  and  not  liable  to  get  out  of 
order ;  iron  rods  take  the  place  of  wire.  The  cost  is 
also  so  small  as  to  be  within  reach  of  the  poorer 
classes.  Patterns  of  those  and  cast-iron  street  or 
courtyard  stand  pipes  will  be  submitted  to  the  inspec- 
tion of  the  Plymouth  Water  Committee.  The  same 
regulations  are  in  force  here  as  at  Nottingham  as  to 
domestic  supply,  &c.  The  rates  are  moderate,  com- 
mencing at  4s.  4(2.  per  annum  for  tenements  under  £5 
per  annum ;  above  £5  and  under  J6100,  5  per  cent. ; 
above  £100,  4J  per  cent.  This  is  exclusive  of  water 
closets,  which,  with  stables,  gardens,  &c.,  are  charged 
extra.  Meter  rate — ^Not  exceeding  200,000  gallons 
per  annum.  Is.  per  1,000  gallons ;  not  exceeding 
1,000,000  gallons  per  annum,  IQd.  per  1,000  gallons  ; 
exceeding  1,000,000  gallons  per  annum,  Hd.  per  1,000 
gallons ;  Local  Board  for  street  watering,  if  amounting 
to  7,000,000  gallons  per  annum,  Id.  per  1,000  gallons. 
It  might  be  noticed  that  the  Town  Council  of  this  city 
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gaaranteed  the  Water  Company  5  per  cent,  on  their 
outlay,  after  which  the  Council  was  to  receive  a  moiety 
of  the  profits.  The  civic  authorities  of  Edinburgh  have 
adopted  the  arrangements  carried  out  in  this  city,  and 
we  heartily  recommend  their  application  where,  neces- 
sary, for  Pl3Tnouth. 

Leicester  (population  69,000).  —  The  supply  of 
water  to  this  town  is  in  the  hands  of  a  private  com- « 
pany,  who  have  expended  the  sum  of  d690,000.  The 
Local  Board  of  Health  holds  680  shares,  and  is 
entitled  to  half  the  profits  after  a  dividend  of  5  per 
cent,  shall  have  been  paid  to  the  shareholders.  The 
water  is  at  high  pressure  and  continuous.  Storing 
cisterns  for  house  purposes  are  not  much  used,  but  if 
adopted  must  be  without  waste  pipes,  or  inlet  of  rain 
water.  Water  closets  in  all  cases  are  fitted  with 
flushing  service  boxes,  or  must  be  self-acting  apparatus. 
The  scale  of  rates  ranges  &om  6  per  cent,  on  low 
rentals  to  3J^  per  cent,  up  to  £100,  and  3  per  cent, 
above  £200.  Water  rates  range  fi-om  5d,  per  1,000 
gallons  the  minimum  to  lOd.  per  1,000  the  maximum. 
The  Local  Board  of  Health  is  charged  2Jd.  per  1,000 
for  street  watering,  having  meters  attached  to  the 
mains.  The  company's  regulations  to  prevent  waste 
of  water  are  strictly  enforced. 

Great  Yarmouth  (population  80,000). — This  town 
has  the  benefit  of  a  well-governed  water  company. 
There  is  a  constant  supply  at  high  pressure.  The 
scale  of  rates  is  6  per  cent,  on  the  rental  up  to  £100 
per  annum,  with  6  per  cent,  on  the  excess  in  addition 
— ^this  including  one  water  closet  only — 5«.  per  ftnTiiinn 
is  charged  for  aU  others  in  addition,  and  10s.  for  baths. 
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The  meter  rate  is  also  high^  ranging  from  2«.  per 
1,000  gallons  to  1b.  8d.  The  Local  Board  has  an 
especial  rate  for  watering  the  streets.  Water-closets 
are  in  all  cases  fitted  with  double-valve  service  boxes  ; 
but  few  cisterns  for  domestic  supply  are  in  use  (not 
being  needed),  but  in  these  overflow  and  waste  pipes 
are  prohibited.  The  manager  of  the  company  will, 
however,  permit  detective  or  warning  pipes  where  neces- 
sary. The  company  is  willing  to  execute  all  plumbers' 
work  if  required,  but  all  such  work  must  be  done  under 
inspection.  We  have  during  our  tour  of  inspection 
kept  in  view  the  object  for  which  it  was  proposed, 
namely,  that  of  ascertaining  the  means  by  which  a 
constant  supply  of  water  may  be  secured  to  the 
inhabitants  of  this  borough,  and  to  suggest  the  prac- 
tical application  of  such  means.  The  attainment  of 
so  desirable  an  object  can  be  secured  very  speedily  by 
the  submission  of  water  consumers  to  the  absolute 
control  of  appointed  officers  over  all  fittings,  and  the 
adjustment  of  apparatus  of  every  kind.  Having  wit- 
nessed the  beneficial  effect  of  such  wholesome  regula* 
tions  as  have  been  referred  to  in  the  preceding  remarks, 
we  cannot  but  anticipate  similar  advantages  by  their 
adoption. 

In  Plymouth. — We  desire  therefore  to  recommend 
the  general  application  of  the  rules  and  regulations  as 
adopted  in  Nottingham  and  Norwich,  which  embody 
among  them  the  following  provisions — 1st,  that  aU 
applications  for  the  supply  of  water,  notice  of  insuffi- 
cient supply,  and  other  complaints,  be  recorded  in  a 
call  book;  that  visiting  cards  be  issued  authorising 
the  attendance  of  the  workmen  necessary,  and  a  com- 
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plete  registry  being  kept  of  all  such  work  performed  ; 
2nd,  that  wherever  practicable,  cheap  water  closets 
be  recommended  in  lieu  of  open  privies ;  8rd»  that 
all  water  closets  be  fitted  with  full  and  complete  appa- 
ratus for  flushing  by  means  of  service  cisterns,  or  such 
other  description  of  closets  as  shall  be  approved, 
and  that  valves  be  worked  by  rods  instead  of  wires  or 
chains;  4th,  that  cisterns  be  without  overflow  or 
waste  pipes,  but,  with  the  approval  of  officers,  detective 
•or  warning  pipes  be  substituted;  5th,  that  high 
pressure  taps  be  introduced  with  new  fittings,  and  all 
drawing  and  ball  taps  to  be  of  the  approved  kinds : 
in  open  court  yards  and  exposed  places,  taps  to  be 
protected  with  iron  casing,  and  be  made  to  open  with 
keys  supplied  to  the  ratepayers  only ;  6th,  that  wire 
gauze  screens,  in  the  absence  of  filtration,  be  placed 
where  desired  by  your  surveyor.  We  also  further 
recommend  that  as  soon  as  practicable  the  condition 
of  all  the  fittings  and  premises  at  present  supplied  with 
water  be  duly  registered,  with  a  view  to  an  early  repair 
and  correction  where  necessary.  It  is  not  necessary, 
in  adopting  the  preceding  recommendations,  that  the 
supply  of  water  shall  in  any  degree  be  stinted,  but 
the  exercise  of  a  moderate  amount  of  economy  wotdd 
enable  a  coiutant  supply  to  be  given,  and  would  doubt- 
less tend  to  the  development  of  many  branches  of 
manufacture  in  the  town  in  which  water  forms  an 
essential.  The  domiciliary  visits  for  the  inspection  of 
premises  would  be  in  no  way  offensive,  but  would  be  of 
the  same  nature  as  those  now  made  for  inspection 
of  gas  apparatus,  and  we  have  the  evidence  of  numerous 
householders  in  towns  we  have  visited  that  the  greatest 
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respect  and  civility  are  manifested.  It  is  not  oar  aim 
or  desire  to  abolish  cisterns  now  in  use,  hut  the 
CONSTANT  SUPPLY  SYSTEM  wiU  render  BO  large  an  expen- 
diture  unnecessary  in  future^  cisterns  for  flushing  closets 
being  then  only  necessary. 


THICKNESS   OF  PIPES  FOB  WATER  WORKS. 

It  is  evident  that  the  thickness  of  a  pipe  should  be 
at  least  sufficient  to  bear  the  pressure  of  the  atmos- 
phere,  and  therefore  the  whole  pressure  in  a  pipe  is 
best  expressed  by  a  determinate  number  of  pressures, 
each  equal  to  that  of  a  column  of  water  88  feet  high. 
If  n  be  the  number  of  such  pressures,  or  the  number 
of  units  each  equal  to  88  feet  high,  d  the  diameter  of  the 
pipe  in  inches,  and  t  the  thickness,  also  in  inches,  we 
shall  have  for 


Iron  pipea,  plate  . 
Iron  pipes  cast  horizontally 
Iron  pipes  cast  vertically 
(A.)  ^  4.     Copper  pipes,  plate  . 
Lead  pi 


pipes    . 
Zinc  pipes 
,  7.    Artificial  stone 


*000d  nd+  '18 

•0024  nd+  -88 

•0016  nd+  'S2 

•0016  nd+  -16 

•0024  nd+  -19 

•0051  n  d  +  16 

•0054  71  <2  •«-  1^60 


For  cast-iron  pipes  the  engineer  of  the  Paris  water 

works,  M.  Dupuis,  adopted  in  his  practice  a  formula 

which  is  equivalent  to 

(B.)  t  =   0016  nd  +  -82  +  -018  rf 

in  the  foregoing  measures.     This  formula  may  also  be 

expressed  as  follows : — 

(C.)  t  =  (-0016  n  +  -018)  d  +  '82. 

If  (2  be  12  inches,  and  n  =  9,  corresponding  to   a 

pressure  of  297  feet,  we  shall  find  from  the  las^  equa- 

tion,'t  =  (-0144  +  -018)  x  12  +  '82  =  -3^86  +  -82 
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=  '65S6  inch.  All  pipes  should  however  be  proved 
with  ten  atmospheres,  or  380  feet,  and  in  practically 
applying  the  above  formulaB  in  equation  (A),  for  finding 
the  thickness  of  pipes,  the  value  of  n  should  always 
have  10  added  to  it.  Hence,  applying  formula  (A), 
No.  8,  to  our  example,  we  get  t  =  -0016  x  19  x  12 
+  '82  =  '6848  inch,  which  is  the  same  practically  as 
found  from  equation  (C). 

SEWERAGE   COST. 

As  for  water-works,  the  minimum  rain-fall  of  a 
district  should  be  calculated  upon ;  so  the  maximum 
fall  must  be  considered  for  sewerage  and  drainage 
works.  We  have  already  shown,  page  840,  that  for  a 
population  of  80  persons  per  statute  acre,  and  a  dis- 
charge of  two-fifths  of  an  inch  in  eight  hours,  sewers 
should  be  calculated  to  discharge  about  8^  cubic  feet 
per  minute,  the  rain  supply  being  about  seven  times 
the  house  supply,  or  sewage,  including  house  water 
supply.  Instances  are  quoted  in  which  the  discharge, 
after  a  heavy  rain-fall,  amoimted  to  20^  cubic  feet  per 
minute  per  acre,  as  in  the  Savoy-street  sewer,  which 
of  course  was  principally  surface  water,  as  the  sewage 
of  80  persons  at  7  cubic  feet  per  person,  one-half  of 
which,  if  discharged  in  eight  hours,  would  only  be 

80  X  7       o^      ^.     .   ^  ,  85  ^^  ^ 

Q       o  =  86  cubic  feet  per  hour,  or  g^  =   '69  feet 

nearly  per  minute,  which  is  only  about  the  thirty-third 
part  of  20i  feet.  In  other  words,  the  storm  waters 
iTpre^^lJiirty^three  times  the  amount  of  house  sewage. 
It  would-;  he  waste  to  provide  drainage  for  so  much 
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surface  water  considered  in  itself,  where  it  can  be 
passed  off  from  the  surface  channels.  But  sewage  is 
not  water,  and  it  is  essential,  in  the  greater  number  of 
cases,  that  sewers  should  be  flushed  occasionally.  It 
is  absurd  to  calculate  the  size  of  sewers,  as  if  the 
sewage  matter  were  thoroughly  diluted  or  passed  off 
like  water.  In  fact,  the  sewage  in  part  lies  at  the 
bottom  of  the  sewer,  or  is  deposited  there  in  nine 
cases  out  of  ten,  while  the  house  supply  of  water 
passes  on  and  escapes  over  it,  removing  only  diluted 
and  detached  portions.  It  is,  therefore,  of  import- 
ance, where  artificial  flushing  and  cleansing  out  are 
not  provided,  that  storm  waters  should  occasionally 
pass  through  and  flush  a  system  of  sewers,  particularly 
the  main  or  arterial  Hues.  An  engineer  must  be 
guided,  in  calculating  the  dimensions,  &c.,  of  main 
sewers,  by  the  circtunstances  of  each  case.  The  incli- 
nations to  be  obtained,  the  form  of  the  bottom  or 
invert,  the  rain-fall,  the  amount  of  sewage  which  will 
not  affect  the  size  to  any  considerable  extent,  the 
material  and  the  cost  consistent  with  permanency. 

The  discharging  power  of  a  water  channel  is  more 
than  doubled  by  increasing  its  dimensions  by  one- 
third  ;  and  it  is  increased  in  the  proportion  of  5*7  to 
1  by  doubling  the  dimensions.  By  giving  four  times 
the  fall,  the  same  channel  will  only  double  the  dis- 
charge. Now  a  pipe  2  feet  in  diameter  with  a  fall  of  1 
in  200,  would  discharge  fully  1000  cubic  feet  of  water 
flowing  full  with  a  velocity  of  5'4  feet  per  second :  at 
8i  cubic  feet  per  minute  per  acre,  for  a  population  of 
80  to  the  acre,  the  thoroughly  diluted  sewage  of  280 
acres  wotild  be  passed  off  by  one  such  pipe ;  tliat  is, 
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the  sewage  from  20|400  persons,  on  280  acres,  and 
also  two-fifths  of  an  inch  of  rain  falling  for  eight 
hours,  can  be  conveyed  off  by  a  2  feet  pipe,  with  a  fall 
of  1  in  200.  But  as  this  rain  supply  is  about  seven 
times  the  house  supply,  passing  2J  feet  per  person  off 
in  eight  hours,  made  up  of  feeces  and  used-up  water 
supply,  it  is  apparent  that  such  a  pipe  would  convey 
about  eight  times  the  sewage  alone  of  the  district,  if 
flowing  as  water;  and,  under  any  circumstances, 
would  be  abundantly  large  for  the  duty,  even  when 
assuming  the  whole  quantity  to  pass  in  at  the  upper 
end.  For  a  fall  of  1  in  800,  two  such  pipes  would  be 
required,  or  one  pipe  82  inches  in  diameter  ;  for  a  fall 
of  1  in  3,200,  four  2  feet  pipes  would  be  required,  or 
one  pi|)e  8  feet  6  inches. 

House  drains  should  not  be  less  than  6  inches  in 
diameter,  and  should  have  facilities  for  being  cleaned, 
either  b)*^  using  half-flange  joints,  or  by  having  a 
moveable  upper  segment.  The  inclination  for  these 
drains  should  be  uniform,  but  the  amount  is  not  so 
important  as  some  appear  to  think,  if  proper  provision 
be  made  for  cleaning.  Where  flushing  is  used,  cast- 
iron  pipes  are  the  best,  but  they  are  also  the  most 
expensive.  House  drains  of  brick  with  a  V  ^'^ 
bottom  covered  with  flags  or  bricks  are  perhaps  the 
best,  as  the  capacity  can  be  considerably  augmented 
by  adding  to  the  height  of  the  sides,  and  they  can  be 
at  all  times  easily  opened  and  cleaned.  If  inclinations 
from  1  in  50  to  1  in  20  can  be  had,  so  much  the 
better.  The  following  items  as  to  cost  have  been 
selected  from  the  "  Builder  "  :— 
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COST  OF  SEWERS,   NEWPORT,   MONHOUTHSHTRE. 

Total 
lengthfl. 

Average 
deptlu. 

Sizes  of  aewera. 

Thickneasea. 

Cost  per 
footUneaL 

feet 

ft.     in. 

ft.  in.      ft.  in. 

in. 

$.    d. 

1,822 

15      6 

4    6  by  8    6 

9 

11    8 

2,217 

13      0 

4    6  by  8    0 

9 

10   14 

6,110 

12      0 

3    0  by  2    2 

9 

7    7i 

12,854 

11       8 

3    0  by  2    2 

6 

5    8} 

1,953 

9      8 

2    6  by  1  10 

6 

4    7 

9,668 

10      0 

2    6  by  1  10 

44 

8    8i 

690 

10      2 

2    8  by  1    9 

4i 

8    5i 

8,264 

8      6 

1    2  diameter 

4i 

2    4i 

COST  OF  SEWEBS  AND  PIPES   IN  PRESTON. 

The  following  extract  from  a  published  summary 
of  public  works  executed  during  the  year  ending 
April  SOthy  ISSQ,  contains  some  useful  informa- 
tion:— 

Yards. 

60  of  Brick  Sewers,  2  ft.  6in.  diameter  at  7$. 

588  8fL  by  2ft.,  at  17s.  6d 

294  8ft  6in.  by  2ft.  4in.,  at  28«.      .        .     . 

872  8ft.  9in.  by  2ft.  6in.,  at  2%$.  , 

250  4ft.  3in.  by  2ft.  lOin.,  at  41«.  9d,      .     . 

66  4ft.  6in.  by  8ft.,  at  75*.  7rf.   . 

66  4ft.  6in.  diameter,  at  40*.  9d.    . 


1,686 


42  of  Cast-iron  Sewer,  2ft.  diameter,  at  86*. 
22  of  Earthenware  Pipe  Sewer,  6in.  diame 
ter,  at  49. 
1,129  9in.  diameter,  at  7«.  6d.   . 
565  12in.  diameter,  at  8*.  9d. 
88  15in.  diameter,  at  lis.  Zd, 
98  18in.  diameter,  at  13«.  . 
145  21in.  diameter,  at  185.  6d, 

2,089 

Total,  including  superintendence,  also  man*holes,  street 
gullies,  and  all  appurtenances      .... 


£    i.    d. 
21    0    0 

A   $. 

d. 

470  15    0 

412  12    0 

520  16    0 

521  17    6 

211  12    8 

184    9    6 

,298    2 

8 

A 

75  12 

A 

4    8    0 

V 

418  18    6 

247    8    9 

49  10    0 

68  14    0 

134    2    6 

917  11 

8 

£3,286    6    4 
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TABLE  sihomng  the  prices  of  TuXnUar  Drains  as  made  by  the  Board  oj 
HecUth  in  1852,  fifty  per  cent,  being  added  for  profit^  dfec. ;  and  Uu 
sale  prices  in  the  market. 


B 

|l 

5 
6 
9 

Lengths. 

Bed 
earthen- 
ware pipes 
made  by 
the  Board. 

prices. 

Stoneware 
glazed  at 

Sale 
prices. 

Assumed  gain. 

On 

red  ware 

pipes. 

Over 

glased 

stooieware 

pipes. 

For  1,000  feet 
For  1,000  feet 
For  1,000  feet 

£    8.    d, 
6  15    0 
9  14    0 

15    1    6 

£   8.    d. 
20  16     8 
25    0    0 
87  10    0 

£    8.    d. 
25     0     0 
29     3     4 
50    0     0 

£    9.    d.Jl    S.    d. 

14  1    818    5    0 

15  6    019    9    4i 
22    8    634  18    6 

Did  the  Board  of  Health  here  add  the  cost  of  their  own  establish- 
ment and  staff  to  the  cost  of  production?  The  manufacturer  and 
salesman  must  surely  live,  at  least  the  Author  thinks  so. 

The  following  estimates  were  made  for  laying  pipes 
at  Tottenham,  not  including  their  cost : — 


Diameter 

of  pipe 

in  inches. 

Depth 
6  feet. 

Depth 
8  feet. 

Depth 
10  feet 

6 

^. 

lid. 

12^. 

9 

9K 

14K 

15irf. 

12 

UK 

Ihid. 

l^\d. 

The  cost  of  laying  alone  at  St.  Thomas's,  Exeter, 
was — 


6  inch  pipes 

9 
12 
15 
18 


» 


» 


)> 


5(2.  per  foot  lineal 

U, 

Sd. 

9d. 


9» 


99 


>> 


»> 


l> 


3  to  4  feet  deep. 
3  to  4  feet  deep. 
5  feet  deep. 
5  feet  deep. 
5  feet  deep. 


lid, 

2d,  per  foot  lineal  for  relaying  pitching  ;  id.  for  macadamised 
roads ;  and  ikl,  for  pavements. 
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ESTIMATE  FOR  SEWERS  AT  BRIGHTON. 


Price 

■ 

DCBGRZFTIOH  OP  SeWXRB. 

Length  in  yardfl.     | 

per 

Amount 

yard. 

Brick  Servers : — 

Diameter. 

£  s. 

£          9. 

6ft 

4,850 

^ 

8  10 

16,976    0 

4ft.  Gin. 

850 

9 

2  10 

876    0 

4  ft.  6  in.  by  8  ft.      .     . 

4,000 

2     8 

9,600    0 

8  ft.  9  in.  by  2  ft.  6  in.  . 

1,890 

2    2 

8,969    0 

8ft.  by  2ft.      .        .     . 

2,820 

1  16 

5,076    0 

2ft.  Sin.  by  1ft.  6in.  . 

8,580 

0  18 

7,722    0 

Total  brick  sewers       .     . 
Earthenware  Pipe  Sewers : 

22,490 

s.    d. 

15  inches  diameter 

9,466 

18    6 

6,889  11 

12     ,,            „          .     . 

44,480 

10    0 

22,215    0 

Total    earthenware    pipe 

otS  n  cio    •              •              •              • 

58,896 

Cast-iron  Pipe  Sewers : — 

£   «. 

8  in.  diameter  .        .     . 

760 

7    0 

6,250    0 

1  ft.  6  in.  ,, 

1,260 

8    0 

8,780    0 

Total  cast-iron  pipe  sewers 
Total  length  of  sewers      . 

2,010 

78,896 

Or  44  miles  956  yards 

Man  holes  and  ventilating 

Number 

shafts       .        .        .     . 

600 

20    0 

12,000    0 

Lamp-holes 

600 

4    0 

2,400    0 

Gullies        .        .        .     . 

8,000 

8  10 

10,600    0 

Outlet    works,   overflows, 

and  extra  work  on  steep 

gradients,  &c. 

6,000    0 

Contingencies,    including 

repairs,  &c.,  of  existing 

sewers,  10  per  cent. 

Total        .        .     . 

11,178    9 

£122,980    0 

The  author  has  constructed  a  large  quantity  of  main 
sewers,  from  18  inches  to  2  feet  and  2  feet  6  inches 
wide,  and  4  feet  6  inches  high;  the  side  walls  built 
with  rubble  masonry,  9-inch  segment  inverts  laid  with 
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4  J  -inch  courses  in  cement ;  the  top  sometimes  flagged, 
when  flags  of  sufficient  length  could  be  procured,  and 
sometimes  arched  with  rough  rubble  arches.  The 
invert  was  laid  on,  well  bedded,  weU  rammed,  rubble 
to  prevent  subsidence,  and  preserve  the  bottom  incli- 
nation uniform.  The  cost,  at  an  average  depth  of 
about  9  feet,  was  9s.  per  running  foot,  the  side  walls 
being  about  18  inches  thick.  Upright  side  walls, 
where  rubble  is  cheap,  have  many  advantages  in  giving 
a  considerable  increase  of  capacity  for  a  small  outlay. 
The  tenement  and  house  drains  were  of  earthenware 
pipes.  Cast-iron  gully  grates  and  traps,  weighing  8 
cwt.,  cost  30s.  each  ;  the  grate  fastened  by  a  wrought- 
iron  chain. 

The  following  regulations  were  laid  down  for  Cam- 
bridge and  Carlisle : — 

STIPULATIONS  FOR  CAMBRIDGE  DRAINAGE. 

"  Water  from  the  rear  of  premises  should  not  he  conveyed  to  the 
front  under  the  basement  floor. 

"  Rain-water  from  the  roofs  should  not  be  conveyed  into  the  base- 
ment, but  conducted  into  the  sewer  by  shallow  drains. 

''Cast-iron  pipes  may  be  used  for  basement  drains  in  some  in- 
stances. 

''The  scullery  sink  should  be  kept  as  high  as  possible,  and 
approached  by  a  step.  A  flat  trap  should  be  fixed  between  the  sink 
and  sewer. 

"  There  should  be  no  water-closet  on  the  basement  floor ;  if  it  can- 
not be  arranged  elsewhere,  the  soil-pipe  should  have  a  flap  trap,  or 
similar  contrivance,  to  prevent  the  influx  of  sewage  water." 

FOR  CARLISLE  DRAINAGE. 

"Stipulation  1. — If  water-closets  are  to  be  generally  used,  the 
description  of  such  to  be  sanctioned  by  the  Board,  the  same  to  be  fixed 
to  the  satisfaction  of  the  Surveyor. 
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"  2. — ^All  dpwn-sponts  to  be  connected  with  the  sewers  where  it  may 
be  proper  to  connect  the  same  ;  in  all  cases  where  they  are  not  con- 
nected with  the  sewer  they  are  to  be  connected  with  the  channel. 

''3. — ^All  stench  traps  to  be  similar  to  samples  famished  by  the 
Surveyor,  or  others  approved  by  him,  and  properly  fixed  to  his  satis- 
faction. 

''4. — All  sewers  to  water-closets  not  to  be  less  than  six  inches 
diameter. 

"  5. — All  sewers  to  yards,  stables,  kitchens,  and  sculleries,  not  to 
be  less  than  four  inches  diameter. 

**  6. — In  every  case  the  whole  of  the  fell  to  be  made  available  from 
the  junction  with  the  main  sewer  to  the  end  of  the  private  drain,  that 
is  to  say,  only  one  inclination  to  bo  used  from  the  junction  with  the 
public  sewer  to  the  end  of  the  private  drain  ;  and  all  branches  from 
the  private  drain  to  sinks,  water-closets,  &c.,  to  have  one  inclination 
from  the  junction  of  such  drain.  None  of  the  above  instructions  to 
be  departed  from  without  the  express  sanction  of  the  Surveyor. 

«  7. — In  no  case  must  a  private  drain  be  put  in  with  a  less  fall  than 
one  in  fifty,  without  the  sanction  of  the  Surveyor. 

"  8 — No  pipes,  water-closets,  stench  traps,  gullies,  kitchen  sinks, 
bends,  junction  or  tapering  pipes,  to  be  used  without  being  approved 
by  the  Surveyor. 

«  9.— All  ash  pits  and  dung  depdts  to  be  raised  to  the  level  of  the 
adjoining  ground,  to  be  properly  paved  and  drained  as  the  Surveyor 
may  direct. 

'*  10. — All  buildings,  outhouses,  ftc,  to  be  properly  spouted,  and 
the  water  conveyed  into  the  sewers  where  approved  of  by  the  Sur- 
veyor." 

THOROUGH  LAND  DRAINAGE. 

The  following  instructions  and  general  specifications^ 
have  been  prepared  by  the  Commissioners  of  Public 
Works  in  Irelaud,  for  the  use  of  the  district  inspectors, 
and  persons  reporting  on  thorough-drainage.  The 
drains  are  made  in  general  parallel,  and  to  suit  the 
fall  of  the  groxmd.  The  depths  must  alter  in  order 
that  the  bottoms  should  have  an  uninterrupted  fall,  and 
may  vary  from  2  feet  to  4  feet  6  inches  in  practice, 
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averaging,  say  about  3  feet  6  inches,  but  dependent 
on  circumstances.  The  portions  printed  in  italics 
are  from  specifications  prepared  by  officers  of  the 
Board,  and  are  varied  according  to  each  particular 
case: — 

GENERAL  OBSERVATIONS. 

'*  No  drainage  works  should  be  undertakeu  until  it  has  boen  clearly 
ascertained  that  the  surface  level  of  the  maximum  floods  in  the  main 
drain  can  be  discharged  at  a  level  that  wiU  admit  of  the  submain 
drains  venting  the  waters  from  the  lowest  point  of  the  lands  proposed 
to  be  thorough-drained,  at  a  level  sufficiently  below  the  surface  of  such 
land,  that  the  highest  floods  shall  not  prevent  the  free  discharge  of 
such  submain. 

"When  sufficient  out-fall  can  be  obtained,  no  open  main  drain 
should  be  of  a  less  depth  than  five  feet,  and  in  all  cases  a  greater  depth 
is  desirable,  in  order  to  insure  a  permanent  and  efficient  drainage,  and 
at  the  same  time  to  prevent  cattle,  Ac.,  from  crossing. 

"  As  it  has  been  found  by  practical  experiments  on  different  varie- 
ties of  soils,  that  deep  drains,  say  from  four  to  five  feet  deep,  are  more 
efi(dctive  than  shallow  ones  :  they  should  always  be  estimated  for,  when 
the  open  main  drains  admit  of  their  being  cut  to  that  depth,  or  when, 
by  a  moderate  outlay  per  acre,  the  main  drains  can  be  cut  to  a  suffi- 
cient depth ;  the  distance  between  the  parallel  drains  must  necessarily 
vary  with  the  texture  of  the  soil, — ^forty  feet  may  be  taken  as  a  general 
rule. 

OPEN  MAIN  DBAINS. 

''  Main  drains  should  have  gradients  of  such  inclination,  and  be 
sunk  to  a  depth  that  will  admit  of  the  above  stipulations,  as  to  the 
discharge  of  the  submain  drains  being  carried  out.  They  should  have 
such  width  at  bottom  and  side  slopes  as  may  be  necessary  ;  and  be  free 
of  sharp  angles,  projecting  stones,  and  other  impediments  to  the  quick 
discharge  of  the  waters. 

"  The  spoil  or  material  raised  in  sinking  and  improving  the  drains, 
where  not  available  for  filling  up  uselejBS  holes  or  drains,  should  be 
removed  to  a  proper  distance  from  the  edge  of  the  main  drains,  and 
dressed  off  in  a  workmanlike  manner. 

''  The  abutments  and  piers  of  such  bridges  as  have  sufficient  breadth 
of  water-way,  should,  if  necessary,  be  carefully  under-pinned  ;  and 
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those  bridges  whicli  are  insufficient  to  dischai^ge  floods,  should  be 
taken  down  and  rebuilt  of  suitable  dimensions. 

COVSRED  MAIN  DRAINS. 


C( 


Whenever,  from  the  nature  of  the  lands,  the  extent  of  the  district 
under  drainage,  and  the  quantity  of  water  to  be  voided,  it  may  be 
necessary  to  form  covered  main  drains  to  receive  the  water  discharged 
from  the  submains,  their  dimensions  must  be  proportional  to  the 
amount  of  water  to  be  voided,  well  flagged  or  paved  at  bottom,  the 
sides  built  of  stone  or  brick,  and  covered  with  a  flag  or  arch  at  top. 

SXTBMAINB. 

*'The  submains  to  be  of  such  depth  and  width  at  top  and  bottom 
as  may  be  necessary.  The  fall  in  each  to  be  as  great  as  the  above- 
described  main  drainage  of  the  district  wUl  allow,  and  not  to  be 
allowed  to  run  beyond  a  suitable  length  without  discharging  itself  into 
a  covered  or  open  main  drain. 

THE  MINOR  DRAINS 

''  To  be  of  such  depth,  width  at  top  and  bottom,  and  at  such  distance 
apart,  as  will  secure  the  perfect  drainage  of  the  land,  to  be  run  in  a 
straight  direction  parallel  to  each  other,  directly  up  and  down  the 
declivity,  unless  where  the  declivity  happens  to  be  veiy  steep,  and 
then  to  be  carried  across  the  fall  at  such  an  angle  as  to  secure  a  free 
dischaige  for  the  water.  The  fall  in  each  minor  drain  to  bo  as  great  as 
the  main  drainage  and  submain  drainage,  previously  described,  will 
admit. 

"  In  filling  in  the  stones,  great  care  should  be  taken  that  the  bottom 
of  the  drain  be  clean,  and  that  no  clay  or  dirt  be  put  in  with  them  ; 
a  sod,  grass  side  down,  or  a  few  inches  of  tough  day,  to  be  placed  on 
the  surface  of  the  stones,  and  trodden  firmly.  The  drain  should  then 
be  filled  up  with  the  stuff  previously  shovelled  out,  observing  to  keep 
the  active  soil  for  the  top.  The  putting  in  of  the  stones  to  be  com- 
menced at  the  highest  part  or  head  of  the  drain. 

*'  In  using  draining  pipes  or  other  tiles,  care  should  be  taken  that 
they  be  laid  firmly  on  tJtie  bottom  for  their  entire  length,  so  as  to  pre- 
vent them  being  deranged  by  the  filling  of  the  drain,  and  that  the 
points  be  fitted  as  closely  together  as  possible. 

''  In  cases  of  unfavourable  ground,  caused  by  running  sand  or  other- 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS.  883 

wise,  whereby  the  level  of  the  conduit  might  be  deTanged,  collared 
pipe  tiles  offer  considerable  advantages  in  the  way  of  remedy. 

"  When  gripes  may  be  necessary  on  the  sides  of  farm  roads,  they 
should  be  on  the  field  side  of  the  fences." 


SPECIFICATION  FOR  MAIN  DRAINAGE. 

OPEN  MAIN  DBAINS. 

"  The  deepening  and  improving  of  the  main  drain,  No.  — — ,  is  to 

be  commenced  at  the  point on  the  accompanying  map,  and  from 

thence  a  gradient  carried  up  to  the  point ,  having  an  inclination 

of  at  least feet  per  statute  mile,  and  sunk  to  the  depth  of  — *- 

feet.    It  shall  be feet  wide  at  bottom,  and  the  side  slopes  shall 

average at  least,  unless  in  rock  cutting,  when  the  side  slopes  may 

be  diminished  to  six  inches  to  one  foot ;  all  sharp  angles,  projecting 
stones,  and  other  impediments  to  the  free  discharge  of  the  water,  must 
be  caiefolly  removed.  The  spoil  or  material  raised  in  aiwVing  and 
improving  the  drain,  when  not  immediately  used  for  top-dressing  the 
adjoining  lands,  or  for  filling  useless  holes  or  drains,  is  to  be  removed 

to  a  distance  of feet  from  the  edge  of  the  main  drain,  and  dressed 

off  in  a  workmanlike  manner. 

"The bridge  marked  at  the  point on  the  accompanying  map 

to  be , 

«  The  whole  to  be  executed  in  a  proper  and  workmanlike  manner, 
and  the  works  to  be  maintained  in  good  order  for  so  long  as  any 
interest  shall  be  payable  for  the  money  advanced  on  account  of  its 
execution*" 


SPECIFICATION  FOR  THOROUGH-DRAINAQE 

(WITH  TILES). 

COVERED  MAIN  DRAINS. 

*<  These  shall  be  cut  fifty-four  inches  deep,  tkirty-aix  inches  wide  at 
top,  ttoenty-four  inches  wide  at  bottom ;  the  materials  used  in  them 
shall  be  double  row  of  three-inch  pipe  tiles. 

*'  The  side  walls  shall  be inches  in  height, inches  thick, 

and  well at  bottom.    They  shall  be  covered  with  a  flag  not  less 

than in  thickness. 
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8T7BMAINS. 

"  These  shall  be  cat  fifty  inches  deep,  thirty  inches  wide  at  top, 
eighteen  inches  wide  at  bottom.  They  shall  be  carried  along  the  low 
side  of  the  fields,  or  portions  of  land  to  be  drained,  at  a  distance  from 
the  fence  of  fifteen  feet,  and  through  natural  hollows  where  necessary. 
No  snbmain  to  be  allowed  to  ran  beyond  a  length  of  two  hundred 
yards  without  discharging  itself  into  a  covered  or  open  main  drain. 

HINOB  DRAINS. 

"  These  shall  be  cut  forty-eigJU  inches  deep,  sixteen  inches  wide  at 
top,  five  inches  wide  at  bottom,  and  at  a  distance  of  forty  feet  apart. 
They  shall  be  run  in  a  straight  direction,  parallel  to  each  other,  directly 
up  and  down  the  dedivity  (when  possible).  No  minor  drain  to  be 
allowed  to  run  beyond  a  length  of  two  hwndred  yards  without  discharg- 
ing itself  into  a  submain. 

FILLINQ  IN. 

''  All  the  drains  (or  a  large  number  of  them)  haying  been  opened 
and  cut  in  a  workmanlike  manner,  and  it  being  ascertained  that 
no  water  is  standing  in  any  of  them,  the  filling  in  may  be  com- 
menced. 

MINOR  DRAINS. 

'*  Into  each  minor  drain  shall  be  put  pipe  tiles  twdw  inches  in 
length,  (me-and-a-hdlf  inch  in  the  ope,  for  one  hundred  yards,  com- 
mencing from  the  upper  end  of  the  drain,  and  pipe  tiles  twelve  inches 
in  length,  one-^ifd'three-^fuarteT  inch  in  the  ope,  in  continuation  from 
thence  to  the  submains. 

6VBMAIN8. 

"  Into  each  submain  shall  be  put  pipe  tiles  twelve  inches  in  length, 
two  inches  in  the  ope,  for  one  hundred  yards,  commencing  fit>m  the 
upper  end  of  the  drain,  and  pipe  tiles  twelve  inches  in  length,  three 
inches  in  the  ope,  in  continuation  to  the  end  or  point  where  they  dis- 
charge themselyes. 

GENERAL  RULES. 

''All  tiles  to  be  of  good  sound  material,  and  well  burned.  The 
tiles  shall  be  laid  'firmly  on  the  bottoms  of  the  drains  for  their  entire 
length ;  the  joints  fitted  as  closely  as  possible,  they  shall  be  carefully 
covered  with  a  thin  grany  sod  or  screen.  The  stuff  previously  taken 
out  of  the  drains  shall  then  be  returned,  observing  to  keep  the  active 
soil  uppermost. 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS.  385 

*'  The  mouths  of  the  covered  main  or  sabmain  drains  shall  be  built 
about  with  solid  masonry  set  in  mortar,  carried  up  with  the  same  slope 
as  the  sides  of  the  open  main  drain,  into  which  they  dischai^ge  them- 
selves. 

"  Before  laying  the  tiles,  great  care  must  be  taken  that  the  bottom 
of  the  drains  be  clean.  The  putting  in  of  the  tiles  to  be  commenced 
at  the  highest  point  or  head  of  the  drains. 

**  In  case  of  an  entire  field  being  thorough-drained,  a  drain  shall  be 
cut  at  the  top  of  it,  parallel  to  the  fence,  and  running  at  a  distance 
from  it  equal  to  one-half  of  the  distance  between  each  of  the  minor 
drains,  into  one  or  more  of  which  (as  may  be  necessary)  it  shall  dis- 
chai^  itself.  The  remainder  of  the  minor  drains  to  be  discontinued 
at  a  distance  from  this  drain  equal  to  one-half  the  entire  distance 
between  each  of  the  minor  drains  ;  this  drain  to  be  of  the  same  dimen- 
sions, and  filled  with  the  same  materials,  and  in  like  manner,  as  the 
above  described. 

No  open  drain  shaU  nm  into  a  closed  one. 

In  passing  through  unfavourable  ground,  caused  by  running  sand 
or  otherwise,  whereby  the  level  of  the  conduit  might  be  deranged,  and 
where  pipe  tiles  are  the  materials  used  for  forming  the  conduit,  collars 
must  be  used,  so  as  to  connect  the  ends  of  the  tiles,  and  they  must  be 
fitted  as  closely  as  possible. 

"Soles  must,  in  all  cases,  be  used  when  laying  single  D  tiles,  and 
they  must  be  so  laid  that  the  ends  of  the  tiles  shall  rest  equally  on 
them ;  when  Inverted  D  tiles  are  used,  they  shall  also  be  connected 
from  end  to  end  by  placing  one-half  of  the  upper  tiles  on  one-half  of 
the  adjoining  tiles  below  them. 

"  The  whole  to  be  executed  in  a  proper  and  workmanlike  manner  ; 
and  the  work  to  be  maintained  in  like  good  order  as  when  approved  of 
at  its  completion,  for  so  long  as  any  interest  shall  be  payable  for  the 
money  advanced  on  account  of  its  execution."  [Collars  for  up  to  4'ineh 
pipes  can  be  had  at  the  Florence  Court  Tilery.] 

SPECIFICATION  FOR  THOROUGH-DRAINAGE  (WITH 

BROKEN  STONES). 

OOVXBIB  MAIN  DRAINS. 

**  These  shall  be  cnt  forty'two  inches  deep,  thirty  inches  wide  at  top, 
twenty-four  inches  wide  at  bottom  ;  the  materials  used  in  them  shall 

be . 

0  c 
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''The  side  walls  in  them  shall  be  twelve  inches  in  height,   six 

inches  thick,    and  well  at  bottom.      They  shall  be  covered 

with . 

SUBMAIN8. 

''These  shall  be  cut  forty-two  inches  deep,  eighteen  inches  wide  at 
top,  fourteen  inches  wide  at  bottom.  They  shall  be  carried  along  the 
low  side  of  the  fields,  or  portions  of  land  to  be  drained,  at  a  distance 
from  the  fences  of  thirteen  feet,  and  through  natural  hollows,  where 
necessaiy.  No  submain  to  be  allowed  to  run  beyond  the  length  of  one 
hundred  and  fifty  yards,  without  discharging  itself  into  a  covered  or 
open  main  drain. 

MINOR  DRAINS. 

"  These  shall  be  cut  thirty-six  inches  deep,  fiftfien  inches  wide  at  top, 
four  inches  wide  at  bottom,  and  at  a  distance  of  tufenty-six  feet  apart. 
They  shall  be  run  in  a  straight  direction,  parallel  to  each  other,  directly 
up  and  down  the  declivity  (when  possible).  No  minor  drain  to  be 
allowed  to  run  beyond  the  length  of  ttoo  htmdred  yards  without  dis- 
charging itself  into  a  submain. 

FILLING  IN. 

*'  All  the  drains  (or  a  large  number  of  them)  having  been  opened 
and  cut  in  a  workmanlike  manner,  and  it  being  ascertained  that  no 
water  is  standing  in  any  of  them,  the  filling  in  may  be  commenced. 


MINOR  DRAINS. 

"  Into  each  minor  drain  shall  be  put  ten  inches  of  broken  stones  in 
depth,  the  stones  having  been  broken  to  a  size  not  exceeding  two-and- 
a-half  inches  in  diameter.  Great  care  should  be  taken  that  the  bottom 
of  the  drain  be  clean,  and  that  no  clay  or  dirt  be  put  in  along  with  the 
stones  ;  a  sod  (or  clay,  as  may  be  convenient)  three  inches  thick  shall 
be  placed  carefully  on  top,  and  the  whole  trampled  upoi»  or  rammed 
hard.  The  drain  shall  then  be  filled  up  with  the  stuff  previously 
shovelled  out,  observing  to  keep  the  active  soil  for  covering  the  top. 


\ 

I 
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The  putting  in  of  the  stones  shall  invariably  be  commenced  at  the 
highest  part  or  head  of  the  drain. 

FILLING  IX  SUBMAIMS. 

"In  each  sabmain  a  conduit  shall  be  formed  of  six  inches  in 
height,  four  inches  wide,  and  the  filling  in  completed  as  above 
described. 

GENERAL  BT7LSS. 

"  The  mouths  of  the  covered  main  or  submain  drains  shall  be  built 
about  with  solid  masonry  set  in  mortar,  carried  up  with  the  same  slope 
as  the  sides  of  the  open  main  drain  into  which  they  discharge  them- 
selves. 

"  Before  filling  in  the  stones,  great  care  must  be  taken  that  the 
bottom  of  the  drains  be  clean,  and  that  no  clay  or  dirt  be  put  in  along 
with  them.  The  putting  in  of  the  stones  to  be  commenced  at  the 
highest  part  or  head  of  the  drains. 

'*  In  case  of  an  entire  field  being  thorough-drained,  a  drain  shall  be 
cut  at  the  top  of  it,  parallel  to  the  fence,  and  running  at  a  distance 
from  it  equal  to  one-half  the  distance  between  each  of  the  minor  drains, 
into  one  or  more  of  which  (as  may  be  necessary)  it  shall  discharge 
itself.  The  remainder  of  the  minor  drains  to  be  discontinued  at  a 
distance  from  this  drain,  equal  to  one-half  the  entire  distance  between 
each  of  the  minor  drains ;  this  dradn  to  be  of  the  same  dimensions,  to 
be  filled  with  the  same  material,  and  in  like  manner,  as  the  above 
described. 

"  No  open  drain  shall  run  into  a  closed  one. 

"  The  whole  to  be  executed  in  a  proper  and  workmanlike  manner, 
and  the  work  to  be  maintained  in  like  good  order  as  when  approved  of 
at  its  completion,  for  so  long  as  any  interest  shall  be  payable  for  the 
money  advanced  on  account  of  its  execution.*' 

One  of  the  officers  of  the  Commissioners  of  Public 
Works,  Ireland,  the  Inspector  of  Drainage  for  Ros- 
common, a  gentleman  residing  in  that  county,  wrote 
to  us  as  follows,  with  reference  to  tile  and  broken- 
stone  drains  on  the  carboniferous  formation : — 

"  With  respect   to  tile  drainage,  my  experience  ha 
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not  been  very  extensivey  as  the  proprietors  of  the  dis- 
trict, with  scarcely  any  exception,  give  a  decided  pre- 
ference to  broken  stones ;  but  from  what  I  have  seen, 
I  am  very  much  inclined  to  prefer  good  well-burnt 
pipes  to  any  other  draining  material,  provided  that 
collars  be  used,  but  not  otherwise.  As  to  the  best 
diameters,  I  have  found  the  1  \"  collared  pipes  of  the 
Clonbrock  Tile  Works  (now  closed)  very  satisfactory' ; 
but  when  the  length  of  minor  drains  exceeded  100 
yards,  I  should  like  an  increase  to  1^  or  If.  For 
submains  (say  150  or  180  yards  long)  I  have  recom- 
mended pipes  of  2  inches,  i\,  and  8  inches  in  succes- 
sion, all  of  which  were  to  be  had  with  collars :  if 
4-inch  pipes  were  to  be  had  with  collars,  I  should 
have  recommended  longer  submains.  The  larger-sized 
pipeg  are  not  provided  with  collars  in  our  present 
tileries,  and  on  this  account  I  generally  put  a  note  on 
the  margin  of  the  printed  form,  suggesting  that  a  stone 
duct  of  the  ordinarg  size  of  svhmain,  say  6  inches  in 
height  and  4  inches  wide,  he  substituted  for  the  tile 
filling. 

*'  I  decidedly  prefer  an  open  duct  to  broken-stone 
filling;  and  in  nine-tenths  of  my  own  drainage  I 
have  made  the  minor  drains  on  the  same  plan  as  the 
submain,  with  an  open  stone  conduit;  the  only 
dijBTerence  being,  that  the  minor  drains  are  a  few 
inches  shallower,  with  a  smaller  duct.  The  increase 
of  expense  is  a  mere  trifle,  and  when  the  substratum 
(as  very  frequently  occurs  here)  is  a  fine  calcareous 
gravel,  containing  40  to  60  per  cent,  of  carbonate  of 
Hme,  the  additional  spoil  is  a  very  cheap  fertilizer  for 
the  land. 
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With  respect  to  depths  and  distances  apart,  the 
two  most  commonly  used  in  my  specification  are  S^ 
feet  deep,  88  feet  apart, — and  4  feet  deep,  42  feet 
a|)art.  These  arrangements  will  not  suit  all  cases, 
and  I  vary  accordingly.  Thus,  in  one  case  of  exceed- 
ingly retentive  land  of  peculiar  texture,  4-feet  drains, 
27  feet  apart,  produced  the  required  result,  while  in 
another,  8^-feet  drains,  66  feet  apart,  effected  all  that 
was  required.  In  the  latter  case  there  was  a  mixed 
soil,  which  might  be  described  as  '  half  wet ; '  yet  the 
water  lingered  sufficiently  long  to  make  the  land  un- 
sound for  sheep,  and  greatly  to  injure  the  crops  in 
quality  as  well  as  quantity." 

Mr.  Josiah  Parkes  says,  in  1848  : — "  Experiment 
and  experience  have  rapidly  induced  the  adoption 
of  a  system  of  parallel  drains,  considerably  deeper, 
and  less  frequent,  than  those  commonly  advocated  by 
professed  drainers,  or  in  general  use.  I  gave  several 
instances  of  this  practice  in  Kent  in  the  Report  of 
last  year,  1848,  already  alluded  to,  and  it  is  rapidly 
extending.  Mr.  Hammond  stated  to  you  that  he 
drained  '  stiff  clays  2  feet  deep,  and  24  feet  between 
the  drains,  at  £8  48.  8c£.  per  acre,  and  porous  soils  8 
feet  deep,  88^  feet  asunder,  at  jS2  6ii.  U.  per  acre.'  I 
now  find  him  continuing  his  drainage  at  4  feet  deep, 
wherever  he  can  obtain  the  outfaU,  from  a  conviction 
founded  on  the  experience  of  a  cautious  progressive 
practice  as  to  the  depth  and  distance^  that  depth 
consists  with  economy  of  outlay  as  well  as  with 
superior  effect.  He  has  found  4-feet  drains  to  be 
efficient,  at  60  feet  asunder,  in  soils  of  varied  texture 
— ^not  uniform  clays — and  executes  them  at  a  coat  of 
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about  £2  58.  per  acre,  being  18^.  4d.  for  871  pipes, 
and  £1  6s.  6d.  for  53  rods  of  digging.  Communica- 
tions have  been  recently  made  to  me  by  several 
respectable  Kentish  farmers,  of  the  satisfactoiy  per- 
formance of  drains  deeply  laid  in  the  Weald  clays,  at 
distances  ranging  from  30  to  40  feet,  but  I  have  not 
had  the  opportimity  of  personally  inspecting  these 
drainages. 

"  The  following  little  table  shows  the  actual  and 
respective  cost  of  the   above   three   cases   of  under- 


Depth  of 

dnuns,  in 

feet. 

Distance 

between  the 

drainB,  in  feet 

Mass 
of  soil  drained 

IMracre, 
in  cubic  yatds. 

Mass  of  sou 

drained  for  one 

penny,  in 

cubic  yards. 

Surface  of  soil 

drained  for  one 

penny,  in 

square  yards. 

2 
3 
4 

24 

83i 

50 

8226i 

4840 

6453 

4-1 
8-98 
12-00 

6-27 
8-98 
8-96 

draining,  calculated  on  the  eflfects  really  produced, 
that  is,  on  the  masses  of  earth  effectively  relieved 
of  their  surplus  water  at  an  equal  expense.  I  con- 
ceive this  to  be  the  true  expression  of  the  work 
done,  as  a  mere  statement  of  the  cost  of  drainage  per 
acre  of  surface  conveys  but  an  imperfect,  indeed  a 
very  erroneous,  idea  of  the  substantive  and  useful 
expenditure  on  any  particular  system.  This  will  be 
apparent  on  reference  to  the  two  last  columns  of  the 
table,  which  give  the  cost  in  cubic  yards  and  square 
yards  of  soil  drained  for  one  penny,  at  the  above- 
mentioned  prices,  depths,  and  distances. 

"  I   may  here  observe,  that  Mr.  Hammond,  when 
draining    tenacious    clays,    chooses    the    month    of 


ORIFICES,    WEIRS,   PIPES,   AND  RIVERS.  891 

February  for  the  work,  when  he  lays  his  pipes 
(just  covering  them  with  clay  to  prevent  crumbs 
from  getting  in),  and  leaves  the  trenches  open 
through  March,  if  it  be  drying  weather,  by  which 
means  he  finds  the  cracking  of  the  soil  much  accele- 
rated, and  the  complete  action  of  the  drains  advanced 
a  full  season.  The  process  of  cracking  may,  doubtless, 
be  hastened  both  by  a  choice  of  the  period  of  the  year 
in  which  drains  are  made,  and  by  such  a  management 
of  the  surface  as  to  expose  it  to  the  full  force  of 
atmospheric  evaporation." 

With  reference  to  drains,  we  have  known  a  case  in 
the  Queen's  County  in  which  inch  pipes  had  to  be 
taken  up,  and  pipes  of  2^-inch  bore  substituted.  The 
drains  were  40  feet  apart,  and  4  feet  deep,  and  the  pipes 
had  collars.  The  minor  drains  should  discharge  into 
submains  at  convenient  distances,  say  100  yards,  on 
flat  grounds.  Small  pipes  will  choke  unless  the 
velocity  in  them  be  sufficient  to  cany  oflf  deposits, 
and  the  diameters  should  vary  according  to  the  in- 
clinations of  the  ground,  and  distance  apart  of  the 
drains. 

Mr.  Mechi,  in  1844,  laid  down  the  following  rules : — 

"  1st. — That  it  is  not  the  size  or  form  of  the  drains 
that  regulate  perfect  drainage  ;  but  the  dej)th  at  which 
they  are  placed.  The  depth  also  governs  the  distances 
at  which  the  drains  should  be  cut  according  to  the 
quality  of  the  soil. 

"  2nd. — The  pipes  of  1-inch  bore,  without  stones, 
are  amply  sufficient,  placed  at  4  feet  deep  and  80  feet 
wide  in  dense  soils,  and  the  same  depth  and  50  feet 
wide  in  mixed  soils. 
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"  8rd. — The  deep  drains  receive  more  water  than 
shallow  ones,  and  consequently  lay  dry  a  greater  extent 
of  ground. 

"4th. — The  deep  drains  begin  and  end  running 
sooner  than  shallow  ones,  and  carry  off  more  water  in  a 
given  time. 

"  5th. — That  where  shallow  drains  are  made  and 
deep  ones  cut  below  them,  the  shallow  ones  no  longer 
act,  all  the  water  passing  to  the  deeper  drains. 

"  6th. — That  when  round  stones  are  used  as  well  as 
pipes,  the  latter  should  always  be  placed  at  the  bottom, 
as  I  find,  practically,  water  flows  more  quickly  through 
pipes  than  amongst  stones. 

"  Before  persons  begin  draining,  I  would  recommend 
their  perusing  attentively  the  facts  developed  by  Mr. 
Parkes,  at  pages  89  and  40,  and  my  remarks  at  page 
86  of  Letters  on  Agricultural  Improvements. 

"  Pipes  made  to  socket  into  each  other  (by  Ford  s 
Patent  Socketing  IMachine)  are  best  adapted  to  loose  or 
mixed  soils." 

Pipes  laid,  however,  too  near  the  surface,  are  fre- 
quently choked  with  the  roots  of  plants.  The  principal 
advantage  of  submains  alongside  open  mains  is,  that 
the  mouths  of  the  minor  drains  should  not  be  choked 
from  vegetation,  and  that  the  water  from  them,  flowing 
into  and  taken  up  by  this  submain,  may  be  discharged 
by  a  few  apertures  only,  and  thereby  keep  themselves 
open,  or  as  much  so  as  the  nature  of  the  case  will 
admit.  The  following  tables  show  the  cost  per  statute 
acre,  in  Ireland,  of  thorough-drainage,  which  must 
vary  with  circumstances,  locality,  and  the  value  of 
labour. 
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The  average  cost  per  statute  acre  for  Sir  Richard 
O'Donnell's  Gold  Medal  was  £Z  S8.7d.,  and  £4t  13«.  lOd. 


TABLE  showing  a  Return  of  the  nuwJber  of  Acres  ihoroughrdrained  in  the 
years  1848  emi  1844,  hy  the  different  Competiiors  for  Sir  Richard 
O^DonnelTs  Oold  Medal,  together  vrith  the  Average  Prices  per  Perch,  and 
Cost  per  Acre  respectively.  (Given  in  Reports  to  the  Royal  AgrUuUural 
Improvement  Society  of  Ireland,) 


Oompstiton. 


0 
% 
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MarqueM  of  Waterf ord 


Viscount  Templstown . 
Sir  R  O'Donnell,  Bart 
The  Earl  of  Caladon     . 

J.  L.  W.  N^wr,  Eiq.  . 


Lord  Blayney  . 


A.    R.   P 

501    2  15 


564  0  25 

551  0    0 

321  0  19 

254  1  29 


201    2  80 


II 8 


p. 

60,900 


54,851 
58,478 
47,188 

84,488 


84,084 
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Sil 


9d.in 
1842.  TO- 
ducedto 

6id.in 
1845. 

Ad. 
id. 


6d. 


i 


iii 


£5  in 

1842,  TO- 

ducod  to 

£8  2f.  Sd. 

in  1845. 

£1  14    4 

1  12 

S    9 


4 
5 


5    8    8 


8  12    0 


o 
.a 


5  per  cent 

ohaigedto 

the  rent. 


£500 
408 
890 


0 
6 
9 


I  Mi 


0 
OSd. 


700    7  4 


427  18  0 


a  day. 
lOd.  to  U. 

a  day. 

7d.  a  day 
in  winter, 
andlOdin 
summer. 
lOd  to  If. 

a  day. 


TABLE  shewing  a  Return  of  the  number  of  Acres  thorough-drained  by 
Proprietors,  for  the  Society's  Gold  Medal,  and  the  Average  Prices  per 
Perch  and  per  Acre  respectively. 


A.    R.  P. 

F. 

£•.    d. 

The  Earl  of  Erne     .    . 

110    0  87 

•  • 

•  • 

8  12    8 

Lord      Dnfferin     and 

■     Clanboye  . 

203    1    0  29,478 
117    1    4  16,614 

'Z 

6  11    9 
5  15    0 

•  • 

•  ■ 

isflj^- 

Dr.CVNein   .       .       . 

115    0  12 

•  • 

»  • 

2  16    8 

•  • 

day. 

7d.  to  8d. 
a  day. 

for  the  Society's  Gold  Medal ;  average  of  both,  £i  per 
statute  acre  nearly. 
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The  average  number  of  acres  annually  improved  in 
Ireland,  about  the  year  1860,  was  about  5580,  at  an 
average  cost  per  acre  of  d£4  17s. 

In  Ireland,  thorough-drainage  is  almost  generally 
carried  out  by  loan,  under  the  Commissioners  of 
Public  Works,  and  there  is  no  branch  of  the  public 
service  which  has  given  more  satisfaction  to  owners  of 
property.  The  works  are,  we  believe,  always  executed 
within  the  estimates,  and  the  owner  having  the  expendi- 
ture in  his  own  hands,  can  satisfy  himself  of  its  proper 
application.  How  different  from  the  Arterial  Drainage, 
when  the  Board  executed  the  works  themselves,  a 
system  now  so  happily  changed !  No  loans  are  made 
unless  where  immediately,  or  prospectively,  a  return 
of  6^  per  cent,  is  estimated  on  the  expenditure,  a 
rent- charge  for  this  amoimt  being  made  for  22  years. 


ARTERIAL   DRAINAGE. 

The  effect  of  thorough-drainage  on  the  arterial 
channels  of  a  district,  is  to  discharge  the  rain-fall 
into  the  main  channels  in  a  shorter  time  than  before, 
particularly  during  wet  seasons.  This  frequently 
causes  floods  to  rise  higher  as  well  as  more  rapidly. 
During  dry  seasons  the  supply  is  less,  and  so  far, 
when  it  is  limited^  an  injury  is  done  to  the  adjacent 
districts  requiring  it  for  use.  The  effect  of  obstruc- 
tions in  the  main  channel  is  to  impound  the  upland 
water,  sometimes  made  available  for  water  power  or 
navigation  purposes,  but  in  general  to  the  injury  of 
the  drainage  of  adjacent  lands,  and  the  regimen  of  the 
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TABLE  shoeing  Estimates  of  Ihit  Quaniaiea  and  General  Cottfor  the 
Thorough- Drainoi/e  of  a  Slalule  Acre  of  Land,  vriih  brokea  SUmts  or 
Tika,  milk  tkt  dislaneea  apart  for  differoil  cUas  xnU. 
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river,  particularly  in  flat  districts.  The  arterial 
drainage  in  Ireland  has  effected  a  vast  amount  of 
good,  but  up  to  1853  the  estimates  appear  to  have 
been  usually  doubled ;  those  for  eleven  of  these  works 
being  £186,916,  and  the  expenditure  £293,532.  The 
average  cost  per  acre,  on  the  land  improved  by  these 
projects,  varied  from  £1  19s.  8i.  to  £10  6«.,  the 
average  of  the  eleven  districts  being  £4  3«.,  which  is 
about  the  average  for  thorough-drainage.* 

The  following  table  affords  valuable  information  of 
the  cost  of  arterial  drainage  works  in  Ireland:  it  is 
extracted  from  the  Beport  of  the  Commissioners  of 
Inquiry  presented  to  the  House  of  Commons,  June 
16th,  1853. 

The  abstract  of  84  arterial  drainage  awards,  madeTby 
the  Commissioners  of  Public  Works  in  Ireland,  in 
1854,  gives  for  different  years,  1849  to  1854 — 


Number  of 
difltricts 
drained. 

Total 
combined 
catchment 
acrea^  of 
dintncts. 

Area  of 
flooded  lands. 

Avera^  cost  of 

arterial  drainage 

per  acre  improved 

by  drainage. 

£  t,    d. 

12  districts 

90,382 

9,458 

3  14    2 

27       „ 

95,582 

11,579 

8  16    7 

19       „ 

287,466 

13,707 

4  17    3 

1«        n 

874,427 

29,452 

3  13    4 

2       „ 

49,840 

3,275 

5    0    0 

8       „ 

266,420 

21,088 

3    9    4 

84       „ 

1,114,067 

88,501 

3  17    7 

The  last  line  gives  the  general  average,  and  shows 
that  in  these  84  districts,  about  1  acre  in  18  is  the 


♦  See  Parliamentary  Report,  by  Sir  Richard  Griffith,  Sir  W.  Cubitt, 
and  Jas.  M.  Rendel,  Jnne  16th,  1858,  pp.  14,  15. 
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average  of  flooded  lands  to  the  catchment  area,  or 
8  per  cent,  nearly.  The  original  and  revised  esti- 
mates for  these,  works  were  considerably  exceeded 
in  almost  every  case,  and  the  landowners  having 
justly  resisted  any  payments  exceeding  their  original 
assents,  they  succeeded.      See  Repobt  of  the  Com- 

MISSIONEBS  OF  InQUIRT  INTO  THE  WoBKS  OF   AbTEBIAL 

Draxnaqe  in  Eleven  Districts  in  Xbelanp,  pre- 
sented to  the  House  of  Commons,  June  16th,  1858. 


SECTION  XIV. 

WATER  AND  HORSE  POWER. — ^FRICTION  BRAKE,  OR  DYNA- 
MOMETER.  CALCULATION   OF   THE   EFFECTIVE   POWER 

OF  WATER  WHEELS. — OVERSHOT,  UNDERSHOT,  AND 
BREAST  VERTICAL  WHEELS. — HORIZONTAL  WHEELS  AND 
TURBINES. — HYDRAULIC  RAM. — ^WATER  ENGINE. 

Taking  the  representative  of  a  horse's  power  at 
88,000  foot-pounds,  or  88,000  lbs.  raised  one  foot 
high  in  one  minute,  the  theoretical  horse-power  of  an 
overfall  is  expressed  by  the  fall  in  feet,  multiplied  by 
the  discharge  in  cubic  feet  per  minute,  the  product 
multiplied  by  62J  (the  weight  in  lbs.,  nearly,  of  a 
cubic  foot  of  water),  and  divided  by  88,000.  The 
following  table  (page  400)  gives  the  weight  in  air  of  a 
cubic  foot  of  pure  water  at  different  temperatures, 
Fahrenheit's  thermometer. 
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WEIGHT  07  A  CUBIC  FOOT  OF  WATER. 

Thi  toeight  ofZ6  eubkfeet  of  water  ia  one  ton,  nearly. 


Tempe- 
irature,  in 

Weight  of  a 

cubic  foot  of 

water.  Pounda 

Tempe- 
rature, in 

Weight  of  a 

cubic  foot  of 

water.  Pounda 

• 

Tempe- 
rature, lin 

Weight  of  a 

cubic  foot  of 

water.  Poundi 

degrees. 

Avoirdupois. 

degreae. 

Avoirdupois. 

degrees. 

Avoirdupoia. 

82 

62-876 

51 

62-865      1 

69 

62-278 

88 

62-877 

52 

62-868 

70 

62-272 

84 

62-878 

58 

62-859 

71 

62-264 

86 

62-879 

54 

62-356 

72 

62-257 

86 

62-880 

55 

•62-352 

78 

62-249 

37 

62-881 

56 

62-849 

74 

62-242 

88 

62-881 

57 

62-845 

75 

62-284 

39 

62-882 

58 

62-340 

76 

.  62-225 

40 

62-882 

59 

62-386 

77 

62-217 

41 

62-381 

60 

62-831 

78 

62-208 

42 

62-881 

61 

62-826 

79 

62-199 

48 

62-380 

62 

62-821 

80 

62190 

44 

62-379 

68 

62-316 

81 

62-181 

45 

62-378 

64 

62-310 

82 

62-172 

46 

62-376 

65 

62-804 

88 

62-162 

47 

62-375 

66 

62-298 

84 

62-152 

48 

62-873 

67 

62-292 

86 

62-142 

49 

62-371 

68 

62-285 

86 

62-132 

60 

62-868 

87 

62-122 

16,500  foot-pounds,  or  one  half  of  the  above,  is 
much  nearer  the  average  power  of  a  horse,  working 
for  10  hours  only,  as  the  work  is  ordinarily  done 
through  the  country;  83,000  lbs.  raised  one  foot  per 
minute  is  equivalent  to  884  tons,  nearly,  raised  one  foot 
in  an  hour,  and  14*73  tons  in  a  minute.  Therefore,  a 
river  discharging  884  tons,  over  a  fall  one  foot  high  in 
an  hour,  or  884  tons,  over  a  fall  24  feet  high  in  24 
hours,  has  also  a  horse-power.  The  drainage  of  10 
square  miles,  with  an  average  collection  of  12  inches 
in  depth  of  rain  annually,  will  give  an  unceasing  one- 
horse  power  for  each  foot  of  fall  in  a  receiving 
channel ;    or  five  square   miles  will  give  the  same 
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result,  if  the  collection  amounts  to  24  inches  in  depth. 
The  collection  of  10  square  miles,  one  foot  deep,  yearly, 
is  nearly  equal  to  the  delivery  of  530  cubic  feet  per 
minute,  for  the  same  period ;  or  to  one-horse  power 
theoretical,  working  day  and  night.  See  pp.  822  &  828. 

The  effectiye  power  of  a  fall  depends  on  the 
nature,  proportions,  and  construction  of  the  wheel 
or  machine,  and  also  upon  the  manner  in  which  the 
theoretical  power  is  applied.  When  the  velocity  of  a 
stream  acting  on  a  wheel  only  is  known,  the  theoretical 
head,  %,  due  to  it  is  found  in  feet  from  the  formula  h  = 
'0165  t?2>  ^  being  the  velocity  in  feet  per  second. 

In  order  to  gauge  the  quantity  of  water  applied  to  a 
wheel,  and  thereby  determine  with  accuracy  its  effec- 
tive power,  the  water  used  must  be  passed  through  an 
orifice,  or  over  a  notch  or  a  weir,  the  coefficients  for 
which  has  been  previously  ascertained  from  experi- 
ment. Greater  accuracy  can  be  obtained  from  gaug- 
ings  through  thin  plates,  or  planks  having  the  down- 
stream arrises  chamfered  off,  than  with  any  other 
form  of  orifice  or  notch ;  and  when  it  can  be  effected, 
the  channel  above  should  be  sufficiently  enlarged  to 
prevent  the  effects  of  an  approaching  current.  We 
have  already  in  the  body  of  this  work  dwelt  in  detaU 
on  the  various  formula  required  for  gauging  imder 
different  circumstances.  The  accuracy  of  results, 
showing  the  effective  powers  of  wheels,  depends  in 
the  first  place,  on  the  accuracy  of  the  gaugings  or 
estimates  of  the  quantity  of  water  used,  and  next  on 
the  fall  employed.  The  loss  of  head  in  passing 
through  the  penstock  sluice,  or  orifice,  and  until  the 
water  acts  on  the  wheel,  requires  to  be  estimated  also, 

D  D 
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I 
and  deducted  from  the  fall  or  head,  to  find  the  effectiTe 
fall,  aod  the  effective  power  of  a  wheel. 

FBICTION   BRA£B,    OB   DYNAHOUETEB. 

The  power  applied  to  a  revolving  shaft  tbrongh  a 
water  wheel  of  any  construction,  is  the  weight  of 
water  multiplied  by  the  fall.  It  is  evident  that  the 
portion  of  this  power  available  to  turn  a  shaft  and 
machinery,  or  the  effective  power,  must  depend  on 
the  construction  of  the  wheel,  as  portion  of  the  theo- 
retical power  is  lost  mechanically,  in  applying  it ;  in 


changes  of  direction,  friction,  eddies,  and  discharging 
currents.     The  greater  the  effective  power  conveyed 
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to  a  shaft,  the  greater  becomes  the  power  of  the 
wheel,  or  medium  through  which  the  original  power  is 
transmitted.  The  mechanical  effect  produced  by  a 
revolving  shaft  is  best  measured  by  a  friction  brake, 
the  principle  of  which  is  as  follows.  In  diagram  1, 
Fig.  44,  let  the  Mction  pulley  aa  be  firmly  fixed  to 
the  revolving  shaft  or  axis  of  the  wheel ;  e  and  e,  two 
wooden  clamps  grasping  the  friction  pulley  by  means 
of  the  screw  bolts,  delineated,  which  can  be  tightened 
on  the  axis,  and  also  to  the  arm  f,  by  means  of 
suitable  nuts.  The  more  tightly  the  bolts  are 
screwed,  the  greater  will  be  the  friction  between  the 
friction  pulley  aa,  and  the  clamping  pieces  ee.  If, 
while  the  axis  and  friction  pulley  aa,  are  revolving 
in  the  direction  indicated  by  the  arrow,  a  weight  be 
applied  in  the  scale  at  i,  so  that  the  arm  f  shall  not  be 
carried  round,  but  remain  fixed ;  it  is  clear  that  the 
work  done  by  the  revolving  shaft  in  one  revolution, 
will  be  measured  by  the  circumference  of  the  friction 
pulley,  miiltiplied  by  the  friction  due  to  the  pressure 
on  it,  or  by  its  equivalent,  the  weight  in  the  scale  i, 
multiplied  by  the  circumference  of  a  circle  whose  radius 
is  L,  or  by  2  L  X  3*14159  X  tr,  in  which  expression  to 
is  the  weight  in  lbs.  in  the  scale  i.  If  n  be  the  number 
of  revolutions  in  a  given  time,  say  one  minute,  we  shall 
therefore  have  the  useful  effect  of  the  wheel  on  the  shaft 
in  foot-pounds  per  minute,  equal  to 

2  L  X  3'14159  X  u;  X  w. 

We  have  also  the  power  of  the  water  acting  on  the 

wheel,  equal  to 

&  X  D  X  62-37, 

in  which  h  is  the  head  and  d  the  discharge  in  cubic 

D  D  2 
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feet  per  minute ;  therefore  we  shall  have  for  the  ratio 
of  the  eflfect  to  the  power  the  expression 

2  L  X  3-14159  X  w  X  n  __      l  w  n 
A  X  D  X  62^7  ~"  9-926  d  h' 

If  the  revolving  shaft  be  horizontal,  the  weight  of 
the  arm  f,  acting  at  its  centre  of  gravity  and  reduced 
to  the  length  l,  where  the  weight  w  is  suspended,  will 
have  to  be  included  in  the  weight  ir.  If  the  weight  w 
be  suspended  at  the  end  of  a  connection  of  levers,  or 
other  mechanical  powers,  the  length  l  will  have  to  be 
determined  accordingly.  Diagram  2,  Fig.  44,  shows 
the  Armstrong  brake ;  Diagram  8,  the  common  form ; 
and  Diagram  4,  Egen's  brake. 

Fig.  45,  is  a  general  representation  of  the  brake 
used  by  Francis,  in  the  Lowell  experiments.  The 
length  of  the  arm  of  the  brake  l,  was  9*746  feet ;  the 
length  of  the  vertical  arm  I  of  the  bell  crank  4*5  feet ; 
and  the  length  of  the  horizontal  arm  V  5,  feet.  The 
following  detailed  description  is  by  Francis : — 

"  The  Friction  Pulley  a  is  of  cast-iron,  6*6  feet  in 
diameter,  two  feet  wide  on  the  face,  and  three  inches 
thick.  It  is  attached  to  the  vertical  shaft  by  the 
spider  b,  the  hub  of  which  occupies  the  place  on  the 
shaft  intended  for  the  bevel  gear. 

^*  The  friction  puUey  has,  cast  on  its  interior  cir- 
cumference, six  lugs,  c  c,  corresponding  to  the  six 
arms  of  the  spider.  The  bolt  holes  in  the  ends  of  the 
arms  are  slightly  elongated  in  the  direction  of  the 
radius,  for  the  purpose  of  allowing  the  friction  pulley 
to  expand  a  little  as  it  becomes  heated,  without 
throwing  much  strain  upon  the  spider.  When  the 
spider  and  friction  pulley  axe  at  the  same  temperaturei 
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the  ends  of  the  anus  are  in  contact  with  the  friction 

Fio.  45. 


puUey.    The  friction  pulley  was  made  of  great  thick- 


406  THE  DISCHARGE  OF  WATER  FROM 

ness  for  two  reasons.  When  the  pulley  is  heated,  the 
arms  cease  to  be  in  contact  with  the  interior  circum- 
ference of  the  pulley,  consequently  they  would  not 
prevent  the  pressure  of  the  brake  from  altering  the 
form  of  the  pulley.  This  renders  great  stiffness  neces- 
sary in  the  pulley  itself.  Again,  it  is  found  that  a 
heavy  friction  pulley  insures  more  regularity  in  the 
motion,  operating,  in  fact,  as  a  fly-wheel,  in  equalizing 
small  irregularities. 

"  The  brakes  e  and  f  are  of  maple  wood ;  the  two 
parts  are  drawn  together  by  the  wrought-iron  bolts  g  g, 
which  are  two  inches  square. 

"  The  beU  crank  f',  carries  at  one  end  the  scale  i, 
and  at  the  other  the  piston  of  the  hydraulic  regu- 
lator k;  this  end  carries  also  the  pointer  l,  which 
indicates  the  level  of  the  horizontal  arm.  The  vertical 
arm  is  connected  with  the  brake  f,  by  the  link  m. 

"  The  hydraliuc  regulator  k,  shown  in  the  figures,  is 
a  very  important  addition  to  the  Prony  dynamometer, 
first  suggested  to  the  author  by  Mr.  Boyden,  in  1844. 
Its  office  is  to  control  and  modify  the  violent  shocks 
and  irregularities,  which  usually  occur  in  the  action  of 
this  valuable  instrument,  and  are  the  cause  of  some 
uncertainty  in  its  indications. 

"  The  hydraulic  regulator  used  in  these  experiments, 
consisted  of  a  ca^t-iron  cylinder  e,  about  1*5  feet  in 
diameter,  with  a  bottom  of  plank,  which  was  strongly 
bolted  to  the  capping  stone  of  the  wheel  pit,  as  repre- 
sented in  figure  1.  In  this  cylinder,  moves  the  piston 
N,  formed  of  plate-iron  0*5  inches  thick,  which  is  con- 
nected with  the  horizontal  arm  of  the  bell  crank  by  the 
piston  rod  o.    The  circumference   of  the  piston  is 
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rounded  off,  and  its  diameter  is  about  y'-^  inch  less  than 
the  diameter  of  the  interior  of  the  cylinder.  The  ac- 
tion  of  the  hydraulic  regulator  is  as  follows.  The 
cylinder  should  be  nearly  filled  with  water,  or  other 
heavy  inelastic  fluid.  In  case  of  any  irregularity  in 
the  force  of  the  wheel,  or  in  the  firiction  of  the  brake, 
the  tendency  will  be,  either  to  raise  or  lower  the  weight, 
in  either  case  the  weight  cannot  move,  except  with  a 
corresponding  moyement  of  the  piston.  In  consequence 
of  the  inelasticity  of  the  fluid,  the  piston  can  move  only 
by  the  displacement  of  a  portion  of  the  fluid,  which 
must  evidently  pass  between  the  edge  of  the  piston  and 
the  cylinder;  and  the  area  of  this  space  being  very 
small,  compared  to  the  area  of  the  piston,  the  motion 
of  the  latter  must  be  slow,  giving  time  to  alter  the  ten- 
sion of  the  brake  screws  before  the  piston  has  moved 
far.  It  is  plain  that  this  arrangement  must  arrest  all 
violent  shocks,  but,  however  violent  and  irregular  they 
may  be,  it  is  evident,  that,  if  the  mean  force  of  them 
is  greater  in  one  direction  than  in  the  other,  the  piston 
must  move  in  the  direction  of  the  preponderating  force, 
the  resistance  to  a  slow  movement  being  very  slight. 
A  small  portion  of  the  useful  effect  of  the  turbine  must 
be  expended  in  this  instrument,  probably  less,  however, 
than  in  the  rude  shocks  the  brake  would  be  subject  to 
without  its  use. 

**  For  the  purpose  of  ascertaining  the  velocity  of  the 
wheel,  a  counter  was  attached  to  the  top  of  the  vertical 
shaft,  so  arranged,  that  a  bell  was  struck  at  the  end  of 
every  fifty  revolutions  of  the  wheel. 

"  To  lubricate  the  friction  pulley,  and  at  the  same 
time  to  keep  it  cool,  water  was  let  on  to  its  surface  in 
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four  jets,  two  of  which  are  shown.  These  jets  were 
supplied  from  a  large  cistern,  in  the  attic  of  the  neigh- 
bouring cotton  mill,  kept  full,  during  the  working  hours 
of  the  mill,  by  force  pumps.  The  quantity  of  water 
discharged  by  the  four  jets  was,  by  a  mean  of  two  trials, 
0*0288  cubic  foot  per  second. 

"In  many  of  the  experiments  with  heavy  weights, 
and  consequently  slow  velocities,  oil  was  used  to  lu- 
bricate the  brake,  the  water,  during  the  experiment, 
being  shut  off.  It  is  found,  that,  with  a  small  quantity 
of  oil,  the  friction  between  the  brake  and  the  pulley  is 
much  greater  than  when  the  usual  quantity  of  water  is 
applied;  consequently,  the  requisite  tension  of  the 
brake  screws  is  much  less  with  the  oil,  as  a  lubricator, 
than  with  water.  This  may  not  be  the  whole  cause  of 
the  phenomenon,  but,  whatever  it  may  be,  the  ease  of 
regulating  in  slow  velocities  is  incomparably  greater 
with  oil  as  a  lubricator,  than  with  water  applied  in  a 
quantity  sufficient  to  keep  the  pulley  cool.  The  oil 
was  allowed  to  flow  on  in  two  fine  continuous  streams ; 
it  did  not,  however,  prevent  the  pulley  from  becoming 
heated  sufficiently  to  decompose  the  oil,  after  running 
some  time,  which  was  distinctly  indicated  by  the  smoke 
and  peculiar  odour.  When  these  indications  became 
very  apparent,  the  experiment  was  stopped,  and  water 
let  on  by  the  jets,  until  the  pulley  was  cooled.  As  the 
pulley  became  heated,  the  brake  screws  required  to  be 
gradually  slackened.  Water,  linseed  oil,  and  re^  oil, 
were  each  used  for  lubrication." 

Fig.  46  is  a  representation  of  a  brake  used  by  Pro- 
fessor Thomson,  at  Crawford  and  Lindsay's  mill,  to 
determine  the  power  of  a  turbine  put  up  there,  by  Mr. 
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Qardner,  of  Armagh.  One  of  the  commoD  causes  of 
the  swinging  or  vibratory  jnmps  of  the  arms  f,  in  Figs. 
44,  45,  and  46  is,  that  very  often  the  friction  pulley,  or 
drum  A,  A,  mast  be  made  in  two  parts,  6o  as  to  be  fixed 


L«n^  of  the  brake,  l,  Fig.  4S,  ai^'iuted  . 
EfTecUve  length  of  vertiul  irm  I  . 
Effective  length  of  horizontal  arm  t  . 
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to  its  place  on  the  shaft.  This  fixing  is  liable  to  give 
an  oval  shape,  and  causes  an  irregular  action  with  the 
clamps  "Ey  E.  Oil  gives  greater  regularity  of  motion 
than  water,  but  without  the  use  of  the  latter  abundantly, 
the  Mction  pulley  would  usually  get  too  much  heated. 
The  following  calculations  from  practical  operations 
will  point  out  pretty  clearly  the  use  of  the  brake,  and 
the  manner  of  determining  the  useful  effect  in  the  tables 
of  experiments,  by  Francis  and  Thomson,  pp.  383  and 
392:— 
The    effective    length    of   the    brake  was    therefore 

^^y.^ ^  =  2  X  10-827778  feet;  and  the  circumfer- 
4-6 

ence  of  a  circle  of  this  radius  =  10*827778  X  3*14159 
=  68*0329  feet. 

In  the  first  experiment  on  the  Tremont  turbine,  page 
429,  the  number  of  revolutions  of  the  wheel  per  second 
was  '89374,  and  the  weight  in  the  scale  1443*34  lbs. 
The  useful  effect  of  the  brake  was  therefore  in  foot- 
pounds per  second  68*0329  X  "89374  X  1443*34  = 
87680*3  lbs.  raised  one  foot  per  second.  The  quantity 
of  water  which  passed  the  gauge- weir  in  cubic  feet  per 
second  was  139*4206,  and  the  total  fall  acting  on  the 
wheel  12*864  feet ;  therefore,  the  total  power  of  the 
water  acting  on  the  wheel  was  12*864  x  139*4206  X 
62*375  =  111870  feet-pounds  per  second,  62*375  being 
taken  as  the  weight  in  lbs.  of  a  cubic  foot  of  water  at 
82^  Fahrenheit.  The  ratio  of  the  useful  effect,  at  the 
given  velocity  of  the  wheel  (viz.  450  revolutions  in  503*5 

seconds),  to  the  power  expended,  is  therefore 

=  '784,  or  about  78^  per  cent.    The  effect  in  the  ex- 
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periments  generally  appears  to  have  been  a  maximum^ 
when  the  velocity  of  the  interior  circumference  of  the 
wheel  was  about  66  per  cent,  of  the  velocity  due  to  the 
fall ;  and  this  was  about  half  of  the  maximum  velocity, 
which  was  1*888  times  that  due  to  the  fall  alone,  when 
the  turbine  was  doing  no  work. 

In  Thomson's  brake  for  determining  the  useful  effect 
of  the  vortex  turbine,  erected  from  his  designs  at  Bally- 
sillan,  Ireland,  l  =  4  ft.  2  in.,  and  the  circumference 
of  a  circle  that  would  be  described  by  the  arm  8*14159 
X  8  feet  4  inches  =  26*18  feet.  In  the  first  experi- 
ment, taken  from  the  tabulated  results,  page  419,  we 
get  26*18,  the  circumference  multiplied  by  46*81,  the 
weight  in  lbs.,  and  the  product  by  828*8,  the  number 
of  revolutions  per  minute,  equal  to  891,967  foot-pounds, 
for  the  effect  transmitted  from  the  turbine  or  work 
done.  We  have  also  854*4,  the  number  of  cubic  feet 
of  water  passed  to  the  wheel  per  minute,  multiplied  by 
62*87,  the  weight  of  a  cubic  foot  of  water  in  lbs.,  mul- 
tiplied by  28*78  feet,  the  available  fall,  equal  to  524,526 

891  967 
foot-pounds :  therefore  ^^*^'  =  "747  is  the  useful 

524,526 

effect,  that  in  the  table  being  '7481,  which  probably 
arose  from  taking  a  different  weight  per  cubic  foot  for 
the  water.  Of  course  the  difference  is  immaterial. 
The  drum  attached  to  the  vortex  wheel  shaft  for  fixing 
the  brake  to,  was  in  two  parts,  bolted  together,  and 
firmly  enclosing  the  shaft.  It  was  of  cast-iron,  20 
inches  diameter,  and  8  inches  wide ;  the  shaft  to  which 
it  was  attached  was  2f  inches  diameter.  The  arm  of 
the  brake  was  5'*4"  X  6"  x  4'%  of  timber,  and  ex- 
tending 1  foot  2  inches  beyond  the  centre  of  the  shaft 
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and  drum-  The  clamping  pieces  were  about  2  feet  6 
inches  long  externally. 

For  overshot  wheels  the  ratio  of  the  power  to 
the  effect  may  be  taken  as  8  to  2,  and  therefore  the 
effective  horse-power, — taking  83,000  foot-pounds  per 
minute,  or  580  cubic  feet  falling  one  foot,  as  a  standard, 
— ^will  be  49,600  lbs.  of  water,  or  795  cubic  feet,  falling 
one  foot  in  one  minute.  The  maximum  effect  varies 
with  the  construction  of  the  wheel.  Smeaton  found  it 
•76  times  the  theoretical  power;  Weisbach  '78  times 
for  the  wheel  of  a  Stamp  Mill  at  Frieberg,  which  was 
28  feet  high,  8  feet  wide,  carrying  48  buckets.*  To 
find  the  effective  h©rse-power,  the  theoretical  horse- 
power must  be  here  divided  by  the  coefficient  of  effect 
'76  or  '78,  which  will  give  48,600  foot-pounds,  or 
48,800  foot-pounds  per  minute.  The  following  experi- 
mental results  from  a  model  wheel  are  by  Smeaton. 

In  this  table  the  effective  power  of  the  water  must 
be  reckoned  upon  the  whole  descent,  because  it  must 
be  raised  that  height,  in  order  to  be  in  a  condition  of 
producing  the  same  effect  a  second  time. 

The  ratios  between  the  powers  so  estimated,  and  the 
effects  at  the  mcucimum,  deduced  from  the  several  sets 
of  experiments,  are  exhibited  at  one  view,  in  column 
9,  of  Table  II. ;  and  from  hence  it  appears,  that  those 
ratios  differ  from  that  of  10  to  7*6  to  that  of  10  to  5*2, 
that  is,  nearly  from  4  to  8  to  4  to  2.  In  those  experi- 
ments where  the  heads  of  water  and  quantities  expended 

*  Some  valuable  exi>eriinents  on  the  power  of  water  wheels  are  given 
by  Rennie,  in  Weale's  Quarterly  Papers  on  Engineering,  vol.  vi.  They 
however  require  reduction.  An  effect  of  '75  requires  a  flow  of  707  cubic 
feet  per  minute,  with  a  fall  of  one  foot,  for  a  horse  power. 
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are  least,  the  proportion  is  nearly  as  4  to  8,  but  where 
the  heads  and  quantities  are  greatest,  it  approaches 
nearer  to  that  of  4  to  2 ;  and  by  a  medium  of  the  whole. 


TABLE  amiaining  the  RetuU  of  Sixteen  Experiments,  on  a  Model 

Overshot  Whul,  by  Snuaton. 
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the  ratio  is  that  of  8  to  2,  nearly.  We  have  seen  before, 
in  our  observations  upon  the  effects  of  undershot 
wheels,  that  the  general  ratio  of  the  power  to  the  effect, 
when  greatest,  was  8  to  1 ;  the  effect,  therefore,  ofoeer-^ 
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shot  wheels,  under  the  same  circumstances  of  qv/mtity 
and  fall,  is  at  a  medium  dovhle  to  that  of  the  undershot ; 
and,  as  a  consequence  thereof,  that  non-elastic  bodies, 
when  acting  by  their  impulse  or  collision,  communicate 
only  a  part  of  their  original  power  ;  the  other  part  being 
spent  in  changing  their  figure,  in  consequence  of  the 
stroke. 

The  powers  of  water,  computed  from  the  height  of 
the  wheel  only,  compared  with  the  effects  as  in  column 
10,  appear  to  observe  a  more  constant  ratio  :  for,  if  we 
take  the  medium  of  each  class,  which  is  set  down  in 
column  11,  we  shall  find  the  extremes  to  differ  no 
more  than  from  the  ratio  of  10  to  8*1  to  that  of  10  to 
8*5  ;  and  as  the  second  term  of  the  ratio  gradually  in- 
creases from  8*1  to  8'5,  by  an  increase  of  head  from  8 
inches  to  11,  the  excess  of  8*5  above  8*1  is  to  be  im- 
puted to  the  greater  impulse  of  the  water  at  the  head 
of  11  inches,  above  that  of  3  inches :  so  that  if  we 
reduce  8*1  to  8,  on  account  of  the  impulse  of  the  8-inch 
head,  we  shall  have  the  ratio  of  the  power,  computed 
upon  the  height  of  the  wheel  only,  to  the  effect  at  a  maxi- 
mum, as  10  to  8  or  as  5  to  4,  nearly ;  and  from  the 
equality  of  the  ratio  between  power  and  effect  subsist- 
ing, where  the  constructions  are  similar,  we  must  infer, 
that  the  effects,  as  well  as  the  powers,  are  respectively  as 
the  quantities  of  water  and  perpendicular  heights,  mul- 
tiplied together. 

For  breast  wheels,  the  ratio  of  the  theoretical 
power  to  the  effective  power  must  vary  considerably, 
the  mean  value  being  about  *5  and,  therefore,  the 
effective  horse-power  would  be  66,000  foot-pounds,  or 
1,060  cubic  feet  falling  1  foot  in  one  minute.    Morin 
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gives  an  efficiency  of  from  *52  to  '7.  Egen,  with  a 
vf^heel  28  feet  in  diameter,  4^  feet  vdde,  having  69 
ventilated  backets,  very  well  constructed,  found  at  best 
an  efficiency  of  only  '62,  under  ordinary  circumstances 

TABLE  containing  the  RsmU  of  Twenty-seven  Escperirnents,  on  a  Model 

Undershot  JFhsel,  by  SmeaUm. 
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'48,  the  mean  amount  being  '5.    Very  wide  wheels 
give  a  larger  effect,  sometimes  as  high  as  '7 ;  but  a 
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great  deal  depends  on  the  manner  of  bringing  on  the 
water  and  the  construction  of  the  wheel  and  buckets. 

Poncelet's  wheel  is  seldom  if  at  all  used  in  these 
countries.  The  effective  power  is  '6,  or  1,060  cubic 
feet  of  water  falling  one  foot  for  the  standard  horse- 
power. 

For  undershot  wheels  the  mean  effect  may  be 
taken  at  one-third,  or  "38,  or  100,000  foot-pounds,  or 
1,590  cubic  feet  falling  one  foot  in  one  minute,  for  an 
effective  horse's  power;  a  maximum  effect  of  '5  is 
sometimes  approached,  and  a  Tninimum  of  '26  or  less. 
The  following  results,  obtained  from  a  model,  are 
given  by  Smeaton.  The  virtual  or  effective  head  is 
here  termed  the  theoretical  head  due  to  the  velocity  of 
the  wheel,  at  the  circumference,  which  was  75  inches 
girth. 

Smeaton  derived  the  foUowing  ^* maxims"  from  the 
foregoing  experiments.  Their  truth,  independent  of 
Buj  experiment,  will  be  apparent :— 

/. — That  the  virtual  or  effective  head  being  the  same,  the  effect  wUl  be 

Tua/rly  as  the  quaniUy  of  water  esq>endecL 
IL—That  the  expejise  of  water  being  the  same,  the  effect  wUl  be  nearly 

OA  the  height  of  the  'virtual  or  effective  head, 
III, — ThaJt  the  quantity  of  woUer  expended  being  the  same,  the  effect 

is  nearly  as  the  sqtiare  of  the  velocity, 
IV, — The  aperture  being  the  same,  the  effeti  wUl  be  nearly  as  the  cube 

of  the  velocity  of  the  water. 

For  turbines  or  horizontal  wheels,  a  usefiil 
effect  of  two-thirds  or  '67  may  be  assumed,  or  49,600 
foot-pounds  in  a  minute  for  a  horse-power,  and  the 
ejfficiency  varies  from  "6  to  '8,  or  less.*    Poncelet's 

*  In  OUT  first  edition  we  gave  an  efficiency  of  '821,  on  the  aathority 
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turbine  gives  an  efficiency  of  '6  to  "6.  Floating  wheels 
*88y  impact  wheels  from  '16  to  '4,  and  Barker's  mill 
from  '16  to  '85.  We  believe  that  the  efficiency  of  the 
turbine  has  been  too  often  over-estimated,  and  that 
the  great  advantage  of  this  wheel,  as  a  medium  of 
power,  is  derived  from  its  capability  of  employment  for 
all  falls,  whether  large  or  small,  without  any  consider- 
able loss  of  effect.  In  Ireland,  Mr.  Gardner,  of  Ar- 
magh, was  amongst  the  first,  if  not  the  first,  to  apply 
this  wheel  to  practical  purposes ;  and  Professor  Thom- 
son has,  in  his  vortex  wheels,  produced,  we  believe,  the 
highest  efficiencies  which  have  yet  been  obtained  in 
practice.  In  the  experiments  on  the  Ballysillan  wheel 
higher  efficiencies  would  probably  have  been  attained 
with  a  supply  pipe  of  larger  diameter.  It  will  be  seen 
from  the  remarks,  at  pp.  164  to  167,  aad  the  tables, 
at  pp.  146  and  199,  that  quite  apart  from  bends,  &c., 
a  loss  of  mechanical  power  always  results  from  the 
passage  through  orifices  and  pipes;  and  that  it  is 
necessary  to  take  this  loss  into  account,  before  the  head 
acting  on  the  wheel  can  be  accurately  used  to  determine 
its  effective  power.  The  table,  p.  419,  contains  the 
experiments  on  the  Ballysillan  turbine. 

The  following  remarks  on  the  vortex  turbine,  read 
at  the  meeting  of  the  British  Association  at  Belfast, 
in  1852,  are  also  by  Professor  Thomson : — 

of  a  paper  by  Dr.  Robinson,  Armagh,  in  the  Proceedings  of  the  Royal 
Irish  Academy,  voL  iv.,  p.  214.  On  again  glancing  over  this  paper, 
VTB  believe  there  are  mistakes,  which  yitiate  the  results  there  given ; 
first,  in  the  formula  for  calculating  the  discharge  over  the  weir,  and 
next,  in  the  formula  for  finding  the  effect  of  the  brake.  Francis  gives 
an  efficiency  of  *88,  p.  3,  in  his  book. 

F.  X 
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**  Numberless  are  the  varieties,  both  of  principle  and 
of  construction,  in  the  mechanisms  by  which  motive 
power  may  be  obtained  from  falls  of  water.  The  chief 
modes  of  action  of  the  water  are,  however,  reducible  to 
three,  as  follows : — ^First,  the  water  may  act  directly 
by  its  weight  on  a  part  of  the  mechanism  which  descends 
while  loaded  with  water,  and  ascends  while  free  from 
load.  The  most  prominent  example  of  the  application 
of  this  mode  is  afforded  by  the  ordinary  bucket  water 
wheel.  Secondly,  the  water  may  act  by  fluid  pressure, 
and  drive  before  it  some  yielding  part  of  a  vessel  by 
which  it  is  confined.  This  is  the  mode  in  which  the 
water  acts  in  the  water  pressure  engine,  analogous  to 
the  ordinary  high-pressure  steam-engine.  Thirdly, 
the  water,  having  been  brought  to  its  place  of  action 
subject  to  the  pressure  due  to  the  height  of  faU,  may 
be  allowed  to  issue  through  small  orifices  with  a  high 
velocity,  its  inertia  being  one  of  the  forces  essentially 
involved  in  the  communication  of  the  power  to  the 
moving  part  of  the  mechanism.  Throughout  the 
general  class  of  water  wheels  called  turbines,  which  is 
of  wide  extent,  the  water  acts  according  to  some  of  the 
variations  of  which  this  third  mode  is  susceptible.  In 
our  own  country,  and  more  especially  on  the  Conti- 
nent, turbines  have  attracted  much  attention,  and 
many  forms  of  them  have  been  made  known  by  pub- 
lished descriptions.  The  subject  of  the  present  com- 
munication is  a  new  water  wheel,  which  belongs  to  the 
same  general  class,  and  which  has  recently  been  in- 
vented and  brought  successfully  into  use  by  the  author. 
''  In  this  machine  the  moving  wheel  is  placed  within 
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a  chamber  of  a  nearly  circular  form.  The  water  is 
injected  into  the  chamber  tangentially  at  the  circum- 
ference, and  thus  it  receives  a  rapid  motion  of  rota- 
tion. Betaining  this  motion  it  passes  onwards  towards 
the  centre,  where  alone  it  is  free  to  make  its  exit. 
The  wheel,  which  is.  placed  within  the  chamber,  and 
which  almost  entirely  fills  it,  is  divided  by  thin 
partitions  into  a  great  number  of  radiating  passages. 
Through  these  passages  the  water  must  flow  on  its 
course  towards  the  centre  ;  and  in  doing  so  it  imparts 
its  own  rotatory  motion  to  the  wheel.  The  whirlpool 
of  water  acting  within  the  wheel  chamber,  being  one 
principal  feature  of  this  turbine,  leads  to  the  name 
Vortex  as  a  suitable  designation  for  the  machine  as  a 
whole. 

"  The  vortex  admits  of  several  modes  of  construc- 
tion, but  the  two  principal  forms  are  the  one  adapted 
for  high  falls  and  the  one  for  low  falls.  The  former 
may  be  called  the  High-pressure  Vortex,  and  the 
latter  the  Low-pressure  Vortex.  Examples  of  these 
two  kinds  are  in  operation  at  two  mills  near  Belfast. 

*^  The  height  of  the  fall  for  the  first  vortex  is  about 
87  feet,  and  the  standard  or  medium  quantity  of  water, 
for  which  the  dimensions  of  the  various  parts  of  the 
wheel  and  case  are  calculated,  is  540  cubic  feet  per 
minute.  With  this  fall  and  water-supply  the  esti- 
mated power  is  28  horse-pOwer,  the  efficiency  being 
taken  at  75  per  cent.  The  proper  speed  of  the  wheel, 
calculated  in  accordance  with  its  diameter  and  the 
velocity  of  the  water  entering  its  chamber,  is  855 
revolutions  per  minute.     The  diameter  of  the  wheel 
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is  22f  inches,  and  the  extreme  diameter  of  the  ease 
is  4  feet  8  inches. 

''  In  the  second  vortex,  the  fall  being  taken  at  7 
feet,  the  calculated  quantity  of  water  admitted,  at 
the  standard  opening  of  the  guide-blades,  is  2,460 
cubic  feet  per  minute.  Then,  the  efficiency  of  the 
wheel  being  taken  at  75  per  cent.,  its  power  will 
be  24  horse-power.  Also,  the  speed  at  which  the 
wheel  is  calculated  to  revolve  is  48  revolutions  per 
minute. 

"  The  two  examples  which  have  now  been  described 
of  vortex  water  wheels,  adapted  for  very  distinct 
circumstances,  will  serve  to  indicate  the  principal 
features  in  the  structural  arrangements  of  these  new 
machines  in  general.  Bespecting  their  principles  of 
action  some  further  explanations  will  next  be  given. 
In  these  machines  the  velocity  of  the  circumference 
is  made  the  same  as  the  velocity  of  the  entering 
water,  and  thus  there  is  no  impact  between  the  water 
and  the  wheel ;  but,  on  the  contrary,  the  water  enters 
the  radiating  conduits  of  the  wheel  gently,  that  is 
to  say,  with  scarcely  any  motion  in  relation  to  their 
mouths.  In  order  to  attain  tha  equalization  of  these 
velocities,  it  is  necessary  that  the  circumference  of  the 
wheel  should  move  with  the  velocity  which  a  heavy  body 
would  attain^  in  falling  through  a  vertical  space  equal 
to  half  the  vertical  fall  of  the  water ^  or  in  other  words, 
with  the  velocity  due  to  half  the  fall ;  and  that  the 
orifices  through  which  the  water  is  injected  into  the 
wheel-chamber  should  be  conjointly  of  such  area  that 
when  all  the  water  required  is  flowing  through  them. 
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it  also  may  have  a  velocity  due  to  half  the  fall.  Thus 
one-half  only  of  the  fall  is  employed  in  producing 
velocity  in  the  water ;  and,  therefore,  the  other  half 
still  remains  acting  on  the  water  within  the  wheel- 
chamber  at  the  circumference  of  the  wheel,  in  the 
condition  of  fluid  pressure.  Now,  with  the  velocity 
already  assigned  to  the  wheel,  it  is  found  that  this 
fluid  pressure  is  exactly  that  which  is  requisite  to 
overcome  the  centrifugal  force  of  the  water  in  the 
wheel,  and  to  bring  the  water  to  a  state  of  rest  at 
its  exit;  the  mechanical  work  due  to  both  halves  of 
the  fall  being  transferred  to  the  wheel  during  the 
combined  action  of  the  moving  water  and  the  moving 
wheel.  In  the  foregoing  statements,  the  effects  of 
fluid  Mction,  and  of  some  other  modifying  influences, 
are,  for  simplicity,  left  out  of  xonsideration ;  but  in 
the  practical  application  of  the  principle,  the  skill 
and  judgment  of  the  designer  must  be  exercised  in 
taking  all  such  elements,  as  far  as  possible,  into 
accoimt.  To  aid  in  this,  some  practical  rules,  to 
which  the  author  as  yet  closely  adheres,  were  made 
out  by  him  previously  to  the  date  of  his  patent. 
These  are  to  be  found  in  the  specification  of  the 
patent,  published  in^the  Mechanics'  Magazine  for 
January  18  and  January  25,  1851  (London). 

**  In  respect  to  the  numerous  modifications  of  con- 
struction and  arrangement  which  are  admissible  in 
the  vortex,  while  the  leading  principles  of  action  are 
retained,  it  may  be  sufl&cient  here  merely  to  advert, — 
first,  to  the  use  of  straight  instead  of  curved  radiating 
passages  in  the  wheel ;  secondly,  to  the  employment. 
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for  simplicity,  of  invariable  entrance  orifices^  or  of 
fixed  instead  of  moveable  guide-blades ;  and  lastly,  to 
the  placing  of  the  wheel  at  any  height,  less  than  about 
thirty  feet,  above  the  water  in  the  tail-race,  combined 
with  the  employment  of  suction  pipes  descending 
from  the  central  discharge  orifices,  and  terminating  in 
the  water  of  the  tail-race,  so  as  to  render  available  the 
part  of  the  fall  below  the  wheeL 

''  In  relation  to  the  action  of  turbines  in  general, 
the  chief  and  most  commonly  recognized  conditions, 
of  which  the  accomplishment  is  to  be  aimed  at,  are 
that  the  water  should  flow  through  the  whole  machine 
with  the  least  possible  resistance,  and  that  it  should 
enter  the  moving  wheel  without  shock,  and  be  dis- 
charged from  it  with  only  a  very  inconsiderable  velo- 
city. The  vortex  is  in  a  remarkable  degree  adapted 
for  the  fulfilment  of  these  conditions.  The  water 
moving  centripetally  (instead  of  centrifugally,  T^hich 
is  more  usual  in  turbines),  enters  at  the  period  of 
its  greatest  velocity  (that  is,  just  after  passing  the 
injection  orifices)  into  the  most  rapidly  moving  part  of 
the  wheel,  the  circumference ;  and,  at  the  period  when 
it  ought  to  be  as  far  as  possible  deprived  of  velo- 
city, it  passes  away  by  the  central  part  of  the  wlieel, 
the  part  which  has  the  least  motion.  Thus,  in  each 
case,  that  of  the  entrance  and  that  of  the  discharge, 
there  is  an  accordance  between  the  velocities  of  the 
moving  mechanism  and  the  proper  velocities  of  the 
water. 

"  The  principle  of  injection  from  without  inwards, 
adopted    in    the  vortex,  affords    another  important 
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advantage  in  comparison  with  turbines  having  the  con- 
trary motion  of  the  water;  as  it  allows  ample  room, 
in  the  space  outside  of  the  wheel,  for  large  and  well- 
formed  injection  channels,  in  which  the  water  can  be 
made  very  gradually  and  regularly  to  converge  to 
the  most  contracted  parts,  where  it  is  to  have  its 
greatest  velocity.  It  is  as  a  concomitant  also  of  the 
same  principle,  that  the  very  simple  and  advantage- 
ous mode  of  regulating  the  power  of  the  wheel,  by 
the  moveable  guide-blades  already  described,  can  be 
introduced.  This  mode,  it  is  to  be  observed,  while 
giving  great  variation  to  the  areas  of  the  entrance 
orifices,  retains  at  all  times  very  suitable  forms  for 
the  converging  water  channels. 

"Another  adaptation  in  the  vortex  is  to  be  re- 
marked as  being  highly  beneficial,  that,  namely, 
according  to  which,  by  the  balancing  of  the  contrary 
fluid  pressures  due  to  half  the  head  of  water  and  to 
the  centrifugal  force  of  the  water  in  the  wheel,  com- 
bined with  the  pressure  due  to  the  ejection  of  the 
water  backwards  from  the  inner  ends  of  the  vanes 
of  the  wheel  when  they  are  curved,  only  one-half  of 
the  work  due  to  the  fall  is  spent  in  communicating 
vis  viva  to  the  water,  to  be  afterwards  taken  firom  it 
during  its  passage  through  the  wheel ;  the  remainder 
of  the  work  being  communicated  through  the  fluid 
pressure  to  the  wheel,  without  any  intermediate 
generation  of  vis  viva*  Thus  the  velocity  of  the 
water,  where  it  moves  fastest  in  the  machine,  is  kept 
comparatively  low;  not  exceeding  that  due  to  half 
the  height  of  the  fall,  while  in  other  turbines  the 
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water  usually  requires  to  act  at  much  higher  velocities. 
In  many  of  them  it  attains  at  two  successive  times  the 
velocity  due  to  the  whole  faU.  The  much  smaller 
amount  of  action^  or  agitation^  with  which  the  water 
in  the  vortex  performs  its  work,  causes  a  material 
saving  of  power  by  diminishing  the  loss  necessarily 
occasioned  by  fluid  friction. 

"  In  the  vortex,  further,  a  very  favourable  influence 
on  the  regularity  of  the  motion  proceeds  from  the 
centrifiigal  force  of  the  water,  which,  on  any  increase 
of  the  velocity  of  the  wheel,  increases,  and  so  checks 
the  water  supply;  and  on  any  diminution  of  the 
velocity  of  the  wheel,  diminishes,  and  so  admits  the 
water  more  freely;  thus  counteracting,  in  a  great 
degree,  the  irregularities  of  speed  arising  from  varia- 
tions in  the  work  to  be  performed.  When  the  work 
is  subject  to  great  variations,  as  for  instance  in  saw- 
mills, in  bleaching  works,  or  in  forges,  great  incon- 
yenience  often  arises  with  the  ordinary  bucket  water- 
wheels  and  with  turbines  which  discharge  at  the 
circumference,  from  their  running  too  quickly  when 
any  considerable  diminution  occurs  in  the  resistance 
to  their  motion. 

"The  first  vortex  which  was  constructed  on  the 
large  scale  was  made  in  Glasgow,  to  drive  a  new 
beetling-mill  of  Messrs.  G.  Hunter  and  Co.,  of 
Dunadry,  in  County  Antrim.  It  was  the  only  one  in 
action  at  the  time  of  the  meeting  of  the  British 
Association  in  Belfast ;  but  the  two  which  have  been 
particularly  described  in  the  present  article,  and  one 
for  an  unusually  high  fall,  100  feet,  have  since  been 
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completed  and  brought  into  operation.  There  are 
also  several  others  in  progress ;  of  which  it  may  be 
sufficient  to  particularize  one  of  great  dimensions  and 
power,  for  a  new  flax-mill  at  Balljshannon  in  the 
West  of  Ireland.  It  is  calculated  for  working  at  150 
horse-power,  on  a  fall  of  14  feet,  and  it  is  to  be 
impelled  by  the  water  of  the  River  Erne.  This  great 
river  has  an  ample  reservoir  in  the  Lough  of  the 
same  name ;  so  that  the  water  of  wet  weather  is  long 
retained,  and  continues  to  supply  the  river  abund- 
antly  even  in  the  dryest  weather.  The  lake  has  also 
the  effect  of  causing  the  floods  to  be  of  long  duration, 
and  the  vortex  will  consequently  be,  through  a  con- 
siderable  part  of  the  year,  and  for  long  periods  at 
a  time,  deeply  submerged  under  backwater.  The 
water  of  the  tail-race  will  frequently  be  seven  feet 
above  its  ordinary  summer  level ;  but  as  the  water  of 
the  head-race  will  also  rise  to  such  a  height  as  to 
maintain  a  sufficient  difference  of  levels,  the  action  of 
the  wheel  will  not  be  deranged  or  impeded  by  the 
floods.  These  circumstances  have  had  a  material 
influence  in  leading  to  the  adoption  in  the  present 
case  of  this  new  wheel  in  preference  to  the  old  breast 
or  imdershot  wheels." 

The  next  tables  have  been  arranged  by  us  from 
Mr.  Francis*  valuable  experiments.  They  show  the 
ratio  of  the  effect  to  the  power  in  two  wheels,  the  first 
a  centre-vent  wheel,  erected  at  the  Boott  Cotton  Mills, 
and  the  second  a  turbine,  erected  at  the  Tremont  Mills, 
Lowell,  Massachusetts. 

The  maximum  effect  *794  was  obtained  from  the 
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Tremont  turbine  experiments,  when  the  velocity  of 
ihe  interior  circumference  of  the  wheel  was  to  that 
due  to  the  whole  fall  as  *68  to  1 ;  and  an  effect  of  78 
per  cent,  was  obtained  when  these  velocities  were  as 
"51  to  1.  In  the  Boott  centre-vent  wheel  the  maxi- 
mum effect  '797  was  obtained  when  the  velocity  of 
the  exterior  circumference  was  to  that  due  to  the  fall 
as  '64  to  1;  and  a  like  effect  was  produced  when 
this  ratio  was  '708  to  1.  Indeed,  between  these 
ratios  the  useful  effect  was  nearly  the  same ;  an 
effect  of  *78  to  '79  was  obtained  for  all  such  ratios 
between  limits  of  '59  and  '71  to  1,  averaging  a  ratio 
of  '65  to  1.  If  a  turbine  have  a  variable  fall,  say 
from  2  to  1,  and  be  of  sufiScient  capacity  to  give 
the  required  power  always,  the  dimensions  should 
be  determined  from  the  lesser  fall,  and  if  correctly 
so  determined,  it  will  not  have  sufficient  velocity 
for  the  greater  fall.  When  the  fall  is  greatest  the 
quantity  in  the  same  place  is  generally  least,  giving 
thereby  a  lessened  effect  when  most  is  required. 
For  such  cases  two  turbines  may  be  used  with 
advantage. 


TABLE  tJbviM  the  Be$uU*  qf  SxperimenitMxm  a  Modsl  <ff  a  Cenire-wni  Water 
Wheel,  and  aUo  upon  a  Centre-vent  Water  Wheel  at  the  Boott  Cotton  MiUe,  LomeU, 
Ma$$aehu§ett$,  arranged  from  Mr.  Franei^  valuable  Experimente.  Diameter  of 
Wheel  to  the  outeide  qf  the  Buekete,  abomi  Q-Sfeet  DM»  qf  External  €Mde 
Curvee  about  75  foot.  External  heu/ht  qf  W\eel  aboui  IS  feet.  Number  of 
Buckete,  40.  Mean  height  qf  the  orjfieee  between  the  Quidee,  I  foot.  Diameter  ^ 
St^ftpljf  Pipe,  8  feet.  Thejlret  Seven  Experimente  were  made  on  a  Model,  the  Ex- 
terior Diameter  qf  the  Wheel  being  22i  inehee.  Interior  Diameter  IH  inehee,  height 
between  the  Crowne  2^  inehee.and  the  nun^er  of  Buekete  36.  The  Conetruetion  qf 
the  Wheel  ie  ehown  tn  Mr.  Praneia'  Book,  and  all  neeeeeary  Detaile.  The  general 
principle  qfthe  Centre-vent  Wheel  qfFranei^  and  Thomeon^e  Vortex  Wheel  appeare 
to  be  the  tame;  the  Guide  Bladee  being  fewer  in  the  latter,  and  capable  qf  aijuet- 
wtent. 
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TABLE  for  TmUtM  qfUferaa  Diameten,  mod^Mfrom  ^raneia,  operaHng  vUh  d^erent 
JPbUt;  oMMMtN^  the  uarful  ^eet  w  Beventjf^M  per  eeiU.  qf  the  power  ejepended,  thai  the 
VeloeUg  of  the  Interior  Okrcuw^erenee  iaJftg-eSx  per  eent.  qfthe  Veloeiiydue  to  the  FlaU^ 
and  that  aleo  the  Height  between  the  Orownt  w  one-tenth  qfthe  Outeide  Diameter. 


i 

a 

1 

Outride  diameters    ft. 
iniide          „       1-56,. 
Number  of  boCketB  36. 

Onfcnde  diameter  S    ft. 
Indde          .,       SSB„ 
Number  of  buckefei  ». 

Outride  diameter  4    ft 
Inride          „        8M« 
Number  of  bncketa  42. 

Outride  diaiMterS    ft. 
Inride         ^       4-11  „ 
Number  of  bucketi  45. 

w 

b 

I 

I& 

i 

I 

!-• 

i 

I 

1^ 

i 

^ 

1 

II 
1 

Water  dlerha 
In  cnbic  feet 
•econd. 

& 

1 

11 

II 

1 

w 

ia 

1 

1 

47 

5 

4-5 

1-9 

128 

10-1 

4-3 

80 

17*88 

7-6 

59 

27*9 

11-9 

6 

4-9 

2-6 

135 

11*0 

5-6 

88 

19*6 

10*0 

65 

80*6 

15-6 

61 

7 

5-8 

8  1 

146 

11*9 

71 

95 

21*17 

12*6 

70 

33  1 

19*7 

55 

8 

5-7 

3-8 

156 

12*7 

8*7 

102 

22-63 

15*4 

76 

35-3 

24*0 

59 

9 

6-0 

4-6 

165 

13-5 

10-3 

108 

24*00 

18*4 

79 

37-5 

28-7 

63 

10 

6-8 

5-4 

174 

14*2 

12  1 

114 

25*30 

21*5 

84 

39*5 

33-6 

66 

11 

6-6 

6-2 

183 

14*9 

13-9 

119 

26*53 

24*8 

88 

41*5 

38*8 

69 

12 

6-9 

7-1 

191 

15-6 

15-9 

125 

27*71 

28-3 

92 

48*8 

44*2 

72 

18 

7-2 

8-0 

199 

16-2 

17-9 

130 

28*84 

31-9 

95 

46  1 

49*8 

75 

14 

7-5 

8-9 

206 

16*8 

20*0 

135 

29-93 

35-6 

99 

46*8 

65*7 

78 

15 

7-7 

9-9 

213 

17*4 

22-2 

189 

30*98 

89*5 

103 

48*4 

61-7 

81 

16 

8-0 

10-9 

220 

18*0 

24*5 

144 

82*00 

48*5 

106 

50*0 

68-0 

83 

17 

8-2 

11-9 

227 

18-5 

26*8 

148 

32-99 

47*7 

109 

51*5 

74-5 

86 

18 

8-5 

180 

234 

19*1 

29*2 

153 

33*94 

51*9 

112 

53*0 

81*1 

88 

19 

8-7 

14-1 

240 

19*6 

31-7 

157 

84*87 

56*3 

115 

64*5 

88-0 

91 

20 

8-9 

16-2 

247 

20*1 

34*2 

161 

35*78 

60*8 

118 

56*9 

96*0 

93 

21 

9-2 

16-4 

253 

20*6 

36*8 

165 

36*66 

65*4 

121 

57*8 

102-2 

96 

22 

9-4 

17-5 

259 

21*1 

39*5 

169 

87*52 

70*2 

124 

58*6 

109*6 

98 

28 

9-6 

18-7 

264 

21*6 

42-2 

172 

38*37 

75*0 

127 

59*9 

117-2 

100 

24 

9-8 

20-0 

270 

22*0 

45*0 

176 

39*19 

79-9 

130 

61-2 

124-9 

102 

25 

10-0 

21-2 

276 

22*5 

47*8 

180 

40*00 

860 

132 

62*6 

182-8 

104 

26 

10-2 

22-5 

281 

22*9 

50*7 

183 

40-79 

90-1 

136 

68-7 

140*9 

106 

27 

10-4 

28-8 

286 

23-4 

53-7 

187 

41*57 

95-4 

138 

66-0 

149-1 

108 

28 

10-6 

25-2 

292 

23*8 

56-7 

190 

42*33 

100-7 

140 

66*1 

167-4 

110 

29 

10-8 

26-5 

297 

24*2 

59*7 

194 

48-08 

106-2 

143 

67*8 

166*9 

112 

80 

10-9 

27-9 

302 

24*6 

62-8 

197 

43-82 

111*7 

145 

68*6 

174-6 

114 

81 

11-1 

29-8 

307 

25*0 

66*0 

200 

44*54 

117*4 

147 

69*6 

183*4 

116 

32 

11-8 

80-8 

312 

25*5 

69*2 

203 

45*25 

123  1 

150 

70*7 

192*3 

118 

88 

11-5 

82-2 

317 

25-8 

72-5 

207 

45-96 

128*9 

162 

71*8 

201-4 

120 

84 

117 

38-7 

321 

26*2 

75*8 

210 

46-65 

184*8 

154 

72-9 

210-6 

122 

85 

11-8 

85*2 

326 

26*6 

79*2 

213 

47*33 

140*8 

157 

78-9 

220-0 

123 

86 

12-0 

86-7 

331 

27*0 

82*6 

216 

48*00 

146*9 

159 

76*0 

229-6 

125 

87 

12-2 

88*3 

835 

27*4 

86*1 

219 

48-66 

158-0 

161 

76  0 

289-1 

127 

88 

12-8 

39*8 

340 

27*7 

89*6 

922 

49*32 

159-3 

163 

77-0 

248*9 

129 

89 

12-5 

41*4 

844 

28  1 

93*2 

225 

49-96 

166*6 

166 

78-1 

268-8 

130 

40 

12-6 

43*0 

349 

28-5 

96*8 

227 

50-60 

172-0 

167 

79  1 

268*8 

132 
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TJBLBqrTmf^i^MmilHamHtn,  modified  fhmFr^m^^ 

VelMnhf  qftke  Intenor  Otromtferemee  u^ffy-tix  per  eeiU.  of  tke  VeloeUm  due  to  the  FM, 
and  that  alao  tke  Height  between  tke  Oromu  w  one-ienik  qfthe  Outeide  biameter. 


a 


OutrfdedlaaocterS  ft. 
Iitdde  ,,  i  „ 
Nomberofbttckctotf. 


it 
& 

H 


1^ 


Ovteidedl«B0ter7   ft. 
iMlde  „       6»  „ 

Number  of  boekcti  61. 


6 

i 
i 


5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
31 
32 
33 
84 
35 
36  i 
37 
38 
39 
40 


40-2 
44  1 
47-6 
60-9 
54  0 
56-9 
59-7 
62-4 
64-9 
67-3 
69-7 
72-0 
74-2 


J  — 


76 
78 
80 
82 
84 
86 
88-2 
90  0 
91-8 
98-5 
95-2 
96-9 
98-6 
100-2 
101*8 
108-4 
105-0 
106-5 
108-0 
109-5 
Ill-O 
112-4 
113-8 


17-1 

38 

54-8 

22-5 

42 

60-0 

28-3 

45 

64-8 

84-6 

48 

69-8 

41-8 

51 

78-5 

48-4 

54 

77-5 

55-8 

57 

81-3 

68-6 

59 

84-9 

71-7 

62 

88-8 

80-1 

64 

91-7 

88-9 

66 

94-9 

97-9 

69 

98  0 

107-2 

71 

101-0 

116-8 

73 

108-9 

126-7 

75 

106-8 

136-8 

77 

109-6 

147-2 

79 

112-3 

157-9 

80 

114-9 

168*8 

82 

117-5 

179-9 

84 

120-0 

191-2 

86 

122-5 

202-8 

87 

124-9 

214-6 

89 

127-3 

226-7 

91 

129-6 

238-9 

92 

131-9 

251-4 

94 

184-2 

264-1 

95 

186-4 

277-0 

97 

188-6 

290-0 

98 

140-7 

808-3 

100 

142-9 

816-8 

101 

144-9 

880-5 

108 

147-0 

844-3 

104 

149-0 

358-4 

106 

151-0 

372-6 

107 

153-0 

887-1 

108 

154-91 

28-3  32-5 
80-6185-6 
38-6  38*4 
47-141-1 
56-2  43-6 
65-9  46-0 
76-0  48-2 
86 -6 1 50 -3 
97-6  52-4 


109-1 
121-0 
183-3 
146-0 
159  0 


54-4 
56-3 
68  1 
59-9 
61-7 


172-5  63-3 
186-3  65-0 
200*4  66-6 
214-9  68-2 


229-7 
244-8 
260-8 
276-1 
292-2 
308-6 
825-2 
342-2 
359-4 
877-0 
894-8 
412-9 
481-2 
449-8 
468-7 
487-8 
507-2 
526-8 


69-7 
71-2 
72-7 
741 
75-5 
76-9 
78-8 
79-6 
80-9 
82-2 
83-5 
84-7 
86-0 
87-2 
88-4 
89-6 
90-8 
91-9 


OnWd*  dlaaeter  6   ft. '  O vtslde  tflameter  10  ft. 
Inaide  „       6-81,..  Inside  ,.       8-«7.. 

NomberofbttcketoM.  Mwnbcr  of  buckets  60. 


* 


I 


71-5! 
78-4 
84-7 
90-5 
96-0 
101-2 
106-1 
110-8 
115-4 
119-7 
123-9 
128-0 
131-9 
135-8 
139-5 
143  1 
146-6 
150-1 
153-5 
156-8 
1600 
163-2 
166-8 
169-8 
172-8 
175-8 
178-2 
1810 
188-8 
186-6 
189-8 
192-0 
194-6 
197-3 
199-8 
202-4 


80-4 
40-0 
50-4 
61-5 
78-4 
86-0 
99-2 
1181 
127-5 
142-5 
1580 
174-1 
190-6 
207-7 
225-8 
248-8 
261-7 
280-7 
800-0 
319-8 
340*0 
860-6 
881-6 
403-0 
424-8 
446-9 
469-5 
492-4 
515-6 
589-2 
563-2 
587-5 
612-2 
687  1 
662-5 
688-1 


28-1 
80-8 
33-8 
85-6 
37-8 
39-8 
41-7 
48-6 
45-4 
47-1 
48-7 
50-3 
51-9 
53-4 
54-9 
56-8 
57-7 
590 
60-4 
61-7 
62-9 
64-2 
65-4 
66-6 
67-8 
68-9 


70 

71 

72 

73 

74 

75 

76-6 

77*6 

78-6 

79*6 


111 


111-8 
122-5 
182-3 
141-4 
150-0 
158-1 
165-8 
173-2 
180-8 
187-1 
198-6 
200  0 
206-2 
2121 
217-9 
223-6 
229-1 
284-5 
289-8 
244-9 
250-0 
254-9 
259-8 
264-6 
269-3 
278-9 
278-4 
282-8 
287-2 
291-5 
295-8 
800-0 
804-1 
808-2 
812-2 
816-2 


I 

I 

» 


47-5 
62-5 
78-7 
96-2 
114-7 
184-4 
155-0 
176-7 
199-2 
222-6 
246-9 
272  0 
297-9 
324-6 
852-0 
8801 
409-0 
488-5 
468-8 
499-7 
581-2 
568-4 
596-3 
629-7 
663-7 
698-3 
788-5 
769-8 
805-7 
842*6 
880-0 
918-0 
956-5 
995-5 
1085-1 
1075*2 


22*1 
24-2 
26-2 
28-0 
29-7 
31*3 
82-8 
84-3 
35-7 
87-0 
88-8 
39-6 
40-8 
42-0 
48-1 
44-8 
45-4 
46-4 
47-5 
48-5 
49-5 
50-5 
51*4 
52*4 
53-3 
54-2 
55  1 
56*0 
56*9 
57*7 
58*5 
59-4 
60*2 
61*0 
61-8 
62-6 
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The  hydraulic  bam  has  been  applied  with  advantage 
in  raising  water  to  a  considerable  height  by  the 
momentum  of  a  larger  quantity  at  a  lower  level.  The 
shock  of  the  valves,  and  vibration  of  the  machine, 
require  heavy  and  strong  setting,  and  considerable 
strength  in  all  the  parts.  This  limits  its  application, 
and  prevents  its  use  for  raising  large  quantities  of 
water.  The  work  done  by  the  ram,  in  over  one 
thousand  experiments  by  Ej^elwein,  did  not  exceed  in 
any  of  them  1480  lbs.  raised  one  foot  in  one  minute ; 
and  in  France,  the  ram  put  up  by  the  younger  Mont- 
golfier,  said  to  be  the  largest  constructed,  raised  onl}; 
7400  lbs.  one  foot  high  per  minute,  and  had  a  useful 
effect,  it  is  reported,  of  *65.  This  ram  was  put  up 
at  Mello,  near  Glermont-sur-Oise.  Its  dimensions 
were — 

LeDgth  of  the  body  pipe  or  injection  pipe .        .  .  108  feet 
Diameter     .        .        .                        .        .    .    4*8  inches. 

Weight  of  body  pipe 3190  lbs. 

Weight  of  head 440  lbs. 

Contents  of  air-chamber IJ  gallons. 

This  ram  worked  under  a  head  of  87  feet,  discharging 
in  use  81^  gallons  each  minute,  and  raising  8*85 
gallons  a  height  of  195  feet. 

The  largest  ram  employed  by  Eytelwein  in  his  ex- 
periments had  the  following  dimensions^* 

Length  of  the  body  pipe  or  iigection  pipe .  48  feet  9  inches. 

Diameter  of  ditto 0  feet  2^  inches. 

Ck)ntents  of  air-chamber  .  .      1  *94  gallons. 

Area  of  tail  or  escape  valve  .        .        .    .      3*74  square  inches. 


ORIFICES,    WEIRS,  PIPES,   AND  RIVERS.  433 


and  his  experiments  led  to  the  following  practical  for- 
mula by  D'Aubuisson — 

^h  ^  1-42  -  -28  V^  : 

in  which  d  is  the  water  used  per  minute  in  gallons,  d 
the  quantity  raised  in  gallons,  h  the  head  used,  and  V 
the  lift  of  the  quantity  d.  By  a  slight  reduction  we 
get 


dh!  =  1-42  D  (fc  -  -28  V  A  h') 
for  the  effect  produced,  which  is  reduced  nearly  one- 
sixth  for  practical  application,  giving  the  formula 

d  A'  =  1-2  D  (A  -  -2  VTIO 
for  the  work  done. 

EXPERIMENTAL  RESULTS — HTDRAULIC  RAM. 


Numbor  of  strokes 
per  minute. 

Height  in  feet  of 

Ratio  of 
heighU. 

Gallons  of  water 
perminute. 

Ratio 

Ratios 
D 

d 

1 

Fall 

h 

Elevation 
A' 

h 

Ex- 
pended 
D 

Raised 
d 

Ezperl- 
mente. 

For- 
mula. 

t 

Ft    In. 

Ft. 

In. 

66 

IC    0" 

26' 

4" 

2-68 

10-65 

8-89 

•9 

-97 

2-92 

54 

10     2 

82 

4 

818 

13-97 

3-88 

•873 

■92 

8-67 

50 

9  11 

88 

8 

3-9 

12-01 

2-622 

•85 

•87 

4-58 

52 

8     0 

82 

4 

4- 

8-16 

1-687 

•847 

-85 

4-72 

.  45 

8    9 

88 

8 

4*4 

10-85 

2  09 

•845 

-84 

6-2 

i  42 

7    5 

88 

8 

6-21 

9-92 

1-6 

•787 

•78 

6-62 

;i6 

6     0 

88 

8 

6-5 

8-89 

105 

•754 

■71 

8-62 

26 

4    6i 

82 

4 

7-2 

6-28 

-495 

•672 

-67 

10-7 

31 

5    0 

88 

7 

7-7 

8-05 

•704 

■667 

•65 

11-54 

23 

4    1 

88 

8 

9-47 

11-11 

■649 

•548 

■56 

17-2 

17 

S    0 

32 

2 

10-7 

10-8 

•479 

•478 

•51 

22-6 

15 

3    3 

88 

8 

11-9 

12-34 

•363 

•352 

•45 

83-8 

14 

2    6 

88 

8 

15-5 

11-95 

•22 

•284 

•32 

64-6     ♦ 

:  10 

1 

1  Hi 

88 

8 

}9'3 

9-81 

•088 

•181 

•18 

106  •e 

Ejtelwein  recommends,  that  the  length  of  the  body- 

F  F 
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pipe  should  not  be  less  than  three-fourths  of  the  height 
to  which  the  water  is  to  be  raised ;  its  diameter  in 

inches  equal  '58  V  d  ;  the  diameter  of  the  rising  pipe 

•8  V  D  ;  and  the  contents  of  the  air-chamber  equal  to 
that  of  the  rising  pipe.  If  d  be  in  cube  feet,  then 
diameter,  in  inches,  of  the  body-pipe  may  be  taken 

=  1'6  s/~Df  and  that  of  the  rising  pipe  =  '76  V  d. 

The  following  table  gives  the  result  of  experiments 
made  by  Montgolfier  and  his  son : — 

TABLE  OF  EXPERIMENTAL  RESULTS — HYDRAULIC  RAM. 


Height 

Water  per  Minute. 

Mean 

dk' 

Ratio 

Dh 

dh* 

Fall        1    Elevation 

Expended 

Delivered 

Dh 

h          !           h 

J) 

d 

Ft.      In. 

Ft.    In. 

Gallons. 

Gallona^ 

8'      6" 

52*    8" 

15 

1-87 

•57 

•  •  • 

87      2 

195     0 

81 

8-86 

•668 

■  ■  • 

34      9 

111  11 

18-5 

8-74 

•651 

•65 

3      3 

14  11 

487 

69-18 

•629 

•  ■  • 

22     10 

196  10 

2-86 

0-22 

•671 

... 

In  several  experiments  made  by  the  author  in  1866, 
for  the  Directors  of  the  Midland  Great  Western  Rail- 
way, Ireland,  on  two  rams  at  work  at  the  Broadstone 
Terminus,  Dublin,  where  the  lifts  varied  from  22  to 
24  feet,  the  ratio  of  the  effect  to  the  power  varied  from 
*4  to  *84 ;  the  latter  effect  having  been  got  with  a  fall 
of  8  feet,  a  lift  of  22  feet,  and  96  beats  in  a  minute. 
An  effect  of  *895  was  got  with  a  fall  of  14  feet,  a  lift  of 
24  feet,  and  45  beats  in  a  minute. 

Latterly,  the  Messrs.  Easton  and  Amos  have  patented 
improvements  in  this  machine,  and  have  raised  water 
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to  a  height  of  880  feet.  The  injection  pipe  is  laid  by 
them  at  an  inclination  of  about  one  in  four  for  high  falls, 
and  varies  down  to  one  in  eighteen  for  smaller  falls. 
The  quantities  raised  in  their  practice  vary  up  to  six 
gallons  per  minute. 

Water-pressure  engines  give  a  useful  effect,  vary- 
ing up  to  70  per  cent,  for  the  best  constructed.  An 
immense  amount  of  mechanical  skill  and  invention  has 
been  brought  to  bear  on  their  construction,  and  in 
Weisbach's  book*  a  useful  effect  of  88  per  cent,  has 
been  calculated;  this  is,  however,  a  result  seldom 
obtained  in  practice,  where  two-thirds,  or  66  per  cent., 
is  nearer  to  the  general  efficiency.  Jordan  got  a 
maximum  efficiency  of  *66  from  one  of  the  Clausthal 
engines,  making  four  strokes  per  minute,  and  *71 
making  three  strokes  per  minute.  These  results  were 
for  the  combined  engine  and  pumps,  from  which  it  was 
calculated  that  the  efficiency  of  the  engine  alone  was, 
in  the  first  case  '88,  and  in  the  second  *85.  It 
would  be  a  great  mistake  to  calculate  on  such  high 
efficiencies. 

Corn  mills  will  grind  about  a  bushel  of  com  per 
horse-power  per  hour,  but  much  depends  on  the  state 
of  the  stones  and  of  the  grain.  The  value  of  the 
work  done  in  an  hour  being  once  known,  the  value 
of  the  standard  horse-power  can  be  determined 
accordingly. 

•  Vol.  ii.,  p.  342. 
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TABUS  I.—'Co^Mcieni$    qf  Bueharge  from  Squmre    and   diffifrenily  propof 
RedangularLateral  Or\fice$  im  thw  Verlieal  FUiiest  arranged  from  Pomed* 


Zetbru. 


'omeeUtaud 


,    .9 

Square 

orifice 

Rectangular    | 

Rectangular 

8"  X 

r. 

orifice  8" 

'  X  4". 

orifio«)8 

"  X  2". 

§      S 

Ratio  of  the  sides 

Ratio  of  the  sides 

Ratio  of  the  sides 
4tol. 

^  s 

Itol. 

2tol. 

Heads  of  vr&U 

sured  to  the 

sides  of  the  or 

English  in( 

Ratio  of  the 

toth€ 

length  of  the 

Heads  taken 

back  from  the 

orifice. 

Heads  taken 
at 
the  orifice. 

Heads  taken 

back  from  the 

orifice. 

Heads  taken 
at 
the  orifice. 

Heads  taken 

hack  from  the 

orifice. 

1    Heads  taken 
1             at 
the  orifice. 

0-000 

•619 

•667 

•713 

0-197 

•025 

-597 

•630 

•668 

0-394 

•050 

-595 

•618 

•607 

•642 

0-591 

-075 

•594 

•698 

•616 

•612 

•689 

0-787 

•100 

-572 

•694 

•696 

•614 

•616 

•688 

1-181 

•150 

•578 

•598 

-600 

•618 

-620 

•687 

1-575 

•200 

-582 

•598* 

■608 

-612 

•623 

•686 

1-969 

•250 

-685 

•698 

•606 

•612* 

•625 

•686 

2-862 

•300 

■587 

•694 

•607 

-618 

•627 

•685 

2-756 

•350 

-588 

•694 

•609 

•618 

•628 

•685 

;      3-150 

•400 

■589 

•694 

•610 

•618 

•629 

•685 

8-545 

•450 

•591 

•695 

•610 

-614 

•629 

•684 

'      3-937 

•500 

-592 

•695 

•611 

-614 

•680 

•634 

4-724 

•600 

•693 

•596 

•612 

•614 

•630 

•688 

6-512 

•700 

•595 

•597 

•618 

•614 

•680 

•632 

6-299 

•800 

•596 

•697 

•614 

•616 

•681* 

•681 

7-087 

•900 

•697 

•698 

-615 

•616 

•680 

•681 

7-874 

1-000 

•698 

•599 

-615 

•616 

•680 

•680 

9-848 

1-250 

•699 

•600 

-616 

-616 

•680 

•680 

11-811 

1-500 

•600 

-601 

•616 

-616 

•629 

•629 

16-748 

2-000 

-602 

-602 

•617 

•617 

'628 

•629 

19-685 

2-500 

•603 

•603 

•617* 

•617* 

•628 

•628 

28-622 

8  000 

•604 

•604 

-617 

•617 

•627 

•627 

27-560 

8-500 

•604 

-604 

•616 

•616 

•627 

•627 

81-497 

4-000 

•605 

•605 

•616 

•616 

•627 

•627 

35-434 

4-500 

•606' 

•605* 

•616 

•615 

•526 

•626 

39-871 

6-000 

•606 

•605 

•616 

•616 

•626 

•626 

43-307 

5-600 

•604 

•604 

•614 

-614 

•626 

•626 

47-245 

6-000 

•604 

•604 

•614 

•614 

•624 

•624 

61-182 

6-600 

•608 

•603 

•618 

•618 

•622 

•622 

65-119 

7-000 

•608 

-603 

•612 

•612 

•621 

•621 

69-066 

7-500 

•602 

•602 

-611 

•611 

•620 

•620 

62-998 

8-000 

■602 

-602 

•611 

-611 

•618 

•618 

66-930 

8-600 

•602 

•602 

•610 

•610 

•617 

•617 

70-867 

9-000 

•601 

•601 

•609 

•609 

•615 

•615 

74-805 

9-500 

•601 

-601 

-608 

-608 

•614 

•614 

78-742 

10-000 

•601 

•601 

-607 

•607 

•618 

•614 

118-112 

15-000 

-601 

•601 

•608 

•608 

•606 

•606 

•  s 


See  pages  CO,  61,  and  62. 
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TABLE  I.—Co^fflcienit  qf  Diteharve  fiom  Square  and  ii^erentlg  proportioned 
Beetangular  Lateral  Orifieet  in  thin  Vertical  Flates,  arroMged  from  Ponoelet  and 
Lnbroe. 


Rectangular         Rectangular         Rectangular 
orifice  8"  x  1  18".   orifice  8"  x  0  8".    orifice  8"  x  0  4". 
Ratio  of  the  sides  Ratio  of  the  sides  Ratioof  the  sides 

7  to  1  nearly .            10  to  1.                  20  to  1. 

Ratio  of  the  head  to 
the  length       % 
of  the  orifica 

Heads  of  water  mea- 
sured to  the  upper 
sides  of  the  orifices  in 
English  inches. 

Heads  taken 

back  from  the 

orifice. 

B     5 

Sag 

M      S 

Hi 

a   5 

•766 

•783 

•795 

•725 

•750 

•705 

•778 

•025 

0-197 

•630 

•687 

•660 

•720 

•701 

•762 

•050 

0-394 

•682 

•674 

•660 

•707 

•697 

•745 

•075 

0-591 

•634 

•668 

•659 

•697 

•694 

•729 

•100 

0-787 

•638 

•659 

•659 

•685 

•688 

•708 

•150 

1-181 

•640 

•654 

•658 

•678 

•683 

•695 

•200 

1-575 

•640* 

•651 

•658 

•672 

•679 

•686 

•250 

1-969 

•640 

•647 

•657 

•668 

•676 

•681 

•300 

2-362 

•639 

•645 

•656 

•665 

•673 

•677 

•350 

2-7r.6 

•638 

•643 

•656 

•662 

•670 

•675 

•400 

3-150 

•637 

•641 

•655 

•659 

•668 

•672 

•450 

3-543 

•637 

•640 

•654 

•657 

•666 

•669 

•500 

3-937 

•636 

•687 

•653 

•655 

•663 

•665 

•600 

4-7-24 

•635 

•636 

•651 

•653 

•660 

•661 

•700 

6-512 

•634 

•635 

•650 

•651 

•658 

•659 

•800 

6-209 

•634 

•634 

•649 

•650 

•657 

•657 

•900 

7-087 

•633 

•633 

•648 

•649 

•665 

•656 

1^000 

7-874 

•632 

•632 

•646 

•646 

•653 

•653 

1250 

9-843 

•632 

•632 

•644 

•644 

•650 

•651 

1^500 

11-811 

•631 

•631 

•642 

•642 

•647 

•647 

2-000 

15-748 

•630 

•630 

•640 

•640 

•644 

•645 

2-500 

19-685 

•630 

•630 

•638 

•638 

•642 

•643 

3  000 

23-622 

•629 

•629 

•637 

•637 

•640 

•640 

3-500 

27-5(»0 

•629 

•629 

•636 

•636 

•637 

•637 

4-000 

31-41»7 

•6'28- 

•6-28 

•634 

•634 

•635 

•635 

4-500 

35-4;u 

•6-28 

•6-28 

•633 

•633 

•632 

•632 

5-000 

39-371 

•627 

•627 

•631 

•631 

•629 

•629 

5-500 

43-307 

•626 

•626 

•628 

•628 

•626 

•626 

6-000 

47-2 15 

■624 

•624 

•625 

•625 

•622 

•622 

6-500 

51  182 

•622 

•622 

•622 

•622 

•618 

•618 

7-000 

55-ll5» 

•620 

•620 

•619 

•619 

•615 

•615 

7-500 

59-or.6 

•618 

•618 

•617 

•617 

•613 

•613 

8-000 

62-993 

•616 

•616 

•615 

•615 

•612 

•612 

8-500 

66-930 

•615 

•615 

•614 

•614 

•612 

•612 

9-000 

70-8(7 

•61:i 

•618 

•612 

•612 

•611 

•611 

9-500 

74-805 

•612 

•612 

•612 

•612 

•611 

•611 

10-000 

78-742 

•60S 

•608 

•610 

•610 

•609 

•609 

15-000 

118-112 

*  See  pages  00,  61,  and  0*2. 
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TABLE  II.— For  finding  iU  VeloeUiet  from  the  AUitudet,  aju2  tie  AUUuda  from 
the  VelocUiet.—Lltktadea  0  feet  0  ^  inch  to  0  feet  8)  inches. 


o 


1 

M 

0 

Oii« 

0 

OA 

0 
0 

» 

0 
0 

:? 

0 
0 

of 

0 

Oj^ 

0 

04 

0 
0 

St 

0 
0 

2? 

0 

OVJ 

0 

oi 

0 

Oil 

0 

1 

0 

H 

0 

l\ 

0 

if 

0 

li 

0 

11 

0 

li 

0 

u 

0 

2 

0 

2i 

0 

a 

0 

0 

2i 

0 

2i 

0 

21 

0 

2i 

0 

3 

0 

81 

0 

Si 

0 

31 

0 

3i 

0 

H 

0 

n 

0 

81 

Coefficients  of  ▼eltxdty,  and  the  corresponding  Telocities  of 
discharge  in  inches  per  second. 


>   00  3    g 

i:  it 

-^  lll=a 


278 

3*48 

6-95 

9-829 

12  088 

18*900 

15-541 

17-024 

18-388 

19-658 

20-850 

21-978 

23-061 

24-076 

25  059 

26  005 
26-917 
27*800 
29-486 
81  -081 
32-598 
34-048 
35-438 
36-776 
88  067 
39-315 
40-525 
41  -700 
42-843 
43*956 
45-041 
46101 
47-137 
48  151 
49-144 
60117 
61  -072 
52-009 
52-930 
53-834 
64-726 


A^  ^  ^' 

II  e 


2-71 
3-38 
6-77 
9-57 
11-72 
13-54 
15-14 
16-58 
17-91 
19-15 
20-31 
21-41 
22-45 
23-45 
24-41 
25-33 
26-22 
27-08 
28-72 
30-27 
31-75 
33  19 
34-52 
35-82 
37-08 
38-29 
39-47 
40-62 
41-73 
42-81 
48-87 
44-90 
45-90 
46-90 
47-87 
48-81 
49-74 
60-66 
61-66 
52-43 
53-30 


m 


11  IS 


2-66 
8-32 
6-64 
9-40 
11-51 
13-29 
14-86 
16-27 
17-58 
18-79 
19*93 
2101 
22-04 
23-02 
24-00 
24-86 
25-73 
26-58 
28-19 
29-71 
31*16 
32-58 
33*88 
35-16 
36-39 
37-59 
38-74 
39-87 
40-96 
4202 
43-06 
44*07 
45-06 
46-03 
46-98 
47-91 
48-82 
49-72 
50-60 
51-47 
52*82 


o  .« 
9  S 


111 


2-89 
2-99 
5-98 
8-45 
10-85 
11-95 
13*86 
14-64 
15-81 
16-91 
17-98 
18-90 
19-82 
20-70 
21-55 
22-36 
23-15 
28-91 
25-36 
26-73 
28-03 
29-30 
30-48 
31*68 
82-74 
38-81 
84-85 
36-86 
36-84 
37-80 
38-74 
39-65 
40-54 
41-41 
42-26 
43  10 
43*92 
44-73 
45-52 
46-30 
47*06 


^  ^  "5 

*i  ••  fh 

II 1 


2*27 
2*83 
5-66 
8  01 
9*81 
11-38 
12-67 
13-87 
14-99 
16  02 
16-99 
17-91 
18-79 
19-62 
20-42 
21-19 
21*94 
22-66 
24  08 
25-88 
26*67 
27*76 
28*88 
29*97 
81*02 
82*04 
83*03 
83*99 
84-92 
86-82 
86-71 
87*67 
88-42 
89-24 
40-05 
40*85 
41*62 
42*39 
48*14 
48*88 
44^ 


•s 


s 

00 


2*22 
2*78 
6-56 
7-86 
9-68 
11-12 
12*43 
18*62 
14*71 
16*78 
16*68 
17*68 
18*44 
19*26 
20*05 
20*80 
21*68 
22*24 
28*69 
24*87 
26*08 
27*26 
28*35 
29*42 
30*46 
81-45 
32-42 
33-36 
34-27 
86  16 
86-08 
36-88 
87-71 
88-62 
89  82 
40-09 
40*86 
41-61 
42*84 
48  07 
48*78 
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TABLE' IL—Fifr/lmding  th4  VOowtimfrom  ike  AUitudM,  and  thB  AlHhide$from  iJU 
r^/ooiMn.— AltitudM  0  foet  Otb  ^<^  ^  <>  '^^  ^  inches. 

Coefficients  of  relodty,  and  the  eoiteepouding  Telocitiee  of 
diaofaarge  in  fTw^hfte  per  second. 


no 


THE  msCHAROE  OF  WATER  FROM 


TABLS  IL^ForJtitdin^  the  Vel4>eUi«$from  the  AUiiude$,  and  ike  AUUvdufrom  the 

F«{oei<iM.— Altitudes  0  feet  4  inches  to  1  foot 


Altitudes  h  in  feet  and 
inches. 

Coefficients  of  Telocity,  and  the  corresponding  velocities  of 
dis(diar]g^e  in  inches  per  second. 

1.     Values  of 
t»  =  27-8  v^  A,  the 
theoretical  velo- 
city in  inches. 

2.    Values  of 

r=  27-077  *♦ 

Coefficient  '974. 

3.    Values  of 

V  =  26-577  h\ 

Coefficient  '956. 

4.    Values  of 

V  =  23908  h^ 

Coefficient  '860. 

5.    Values  of 

t;  =  22  657  A* 

Coefficient  '815. 

6.    Values  of 

V  =.  22-24  A* 

Coofficiont  '800. 

0     4 

55-600 

54-15 

53-15 

47-82 

45-31 

44-48 

0     44 

56-462 

54-99 

53-98 

48-56 

46-02 

45-17 

0     4| 

57-811 

55-82 

54-79 

49*29 

46-71 

45-85 

0     41 

58-148 

56-64 

55-59 

50-01 

47-39 

46-52 

0     4^ 

58-978 

57-44 

56-38 

50-72 

48-06 

47-18 

0     ^ 

59-786 

58-23 

57-16 

51-42 

48*73 

47-83 

0     4} 

60-589 

59-01 

57-92 

5211 

49-38 

48-47 

0    4i 

61-868 

59-77 

58-67 

52*78 

50-02 

49-09 

0    5 

62163 

60-55 

69-43 

53*46 

50-66 

49-73 

0    5J 

62-985 

61-30 

60-17 

54*12 

51*29 

60-85 

0    U 

63-698 

62-04 

60-90 

54-78 

51*91 

50-96 

0    51 

64-452 

62-78 

61-62 

55-43 

52-53 

51-56 

0    6i 

65-197 

63-50 

62-33 

56-07 

5314 

5216 

0    5J 

65-983 

64-22 

63-03 

56-70 

53-74 

52-75 

0    5f 

66*662 

64-93 

63-78 

57-33 

54*33 

53-33 

0    5{ 

67*383 

65-63 

64*42 

57-96 

54-92 

53-91 

0    6 

68-096 

66-33 

65-10 

58-66 

55-50 

54-48 

0    61 

69*500 

67-69 

66-44 

69-77 

56-64 

65-60 

0    6^ 

70-876 

69-03 

67-76 

60-95 

57*24 

56-70 

0     6} 

72-227 

70-35 

69-05 

62-11 

58-86 

57-78 

0    7 

78-552 

71-64 

70-32 

63-25 

59-95 

68-84 

0    7J 

74-854 

72-91 

71-56 

64-37 

61-01 

59*88 

0    7J 

76  133 

74-15 

72-78 

65-47 

62-05 

60-91 

0    7f 

77-892 

75-38 

73-99 

66-56 

63-07 

61-91 

0    8 

78-630 

76-59 

75-17 

67-62 

64-08 

62-90 

0    ^ 

79-849 

77-77 

76-34 

68-67 

65-08 

63-88 

0    8i 

81  -050 

78-94 

77-48 

69*70 

66*06 

64-84 

0    8} 

82-234 

80-10 

78-62 

70-72 

67-02 

65-79 

0    9 

83-40 

81-23 

79-73 

71-72 

67-97 

66-72 

0    9J 

84-550 

82-35 

80-83 

72-71 

68-91 

67-64 

0    §i 

85-685 

83-46 

81-92 

73-69 

69-83 

68-55 

0     9} 

86-805 

84-55 

82-99 

74-65 

70-75 

69-44 

0  10 

87-911 

85-63 

84-04 

75-60 

71-65 

70-33 

0  lOJ 

89-004 

86-69 

85*09 

76-54 

72-54 

71-20 

0  lOi 

90-082 

87-74 

86-12 

77-47 

73*42 

72  07 

0  lOj 

91-148 

88-79 

87-14 

78-39 

74-29 

72-92 

0  11 

92-202 

89-80 

88-15 

79-29 

75-14 

73-76 

0  llj 

98-244 

90-82 

89-14 

80-19 

75-99 

74-59 

0  IH 

94-274 

91-82 

90-13 

81-08 

76-83 

75-42 

0  llj 

95-294 

92-82 

91-10 

81*95 

77-66 

76-23 
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TABLE  IL-'ForfinaiM  Ot  V^loeUieifrom  ike  AUitmiM,  and  the  AUUmdeefrom  the 
TetoeiMif.— Altitudes  0  feet  4  inohea  to  1  foot. 
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^^i 

o  •«  «> 

•s-:^! 

"S-Sei 

S  «  ^e 

"a  »  ^ 
^  "^  2 

8  S  •*> 

1%^ 
1^1 

Is- 

1^1 

?  o  J 

?  2.2 

9  a 

^  iM  5 

>■  i-i  -3 

>.  i-i    o 

»^       2 

•!*  S 

II  s 

111 

II  Q 

II  ^ 

II  € 

II  ^ 

53 

P*4 

^^a 

d  .8 

3  «»3 

S'  •'6 

< 

38-92 

37  08 

34-92 

34-31 

38*69 

82*47 

1       It 

0     4 

89 -62 

37-60 

35*46 

84-84 

84*22 

82*97 

0     4| 

4012 

88-17 

85-99 

85-36 

84*73 

83*47 

0     41 

40-70 

38-73 

86-52 

85-88 

85*24 

83*96 

41-28 

39*28 

87-03 

86-39 

85*74 

34*44 

0     4^ 

41-85 

39-82 

37-56 

36-89 

36*23 

34-92 

0     4i 

42-41 

40-35 

38-05 

87-88 

36*72 

35*88 

0     4) 
0     4i 

42-96 

40-87 

88-54 

37-86 

37  19 

36-84 

43-61 

41-40 

89-04 

38-35 

37*67 

86-30 

0     6 

44-05 

41-91 

89-62 

38-88 

88*14 

36-75 

0     h\ 

44-59 

42-42 

40-00 

89-30 

88*60 

87-20 

0    64 

4512 

42-92 

40-48 

39-77 

39-06 

87*64 

0    6i 

45-64 

43-42 

40-94 

40-28 

39-61 

88*07 

0    6.^ 

4615 

43-91 

41-41 

40-68 

39-96 

38-61 

0    5i 

46-66 

44-40 

41-86 

41  18 

40-40 

38*98 

0    5J 

47-17 

44-88 

42-32 

41*68 

40-88 

89*85 

0    6} 

47-67 

45-35 

42-76 

42-02 

41*27 

89*77 

0    6 

48-65 

46-29 

43-65 

42-88 

42*12 

40-59 

0    6i 

49-61 

47-20 

44-51 

43-78 

42-95 

41-39 

0    6.^ 

50-56 

48-10 

45-36 

44*56 

48-77 

4218 

0    62 

51-49 

48-99 

4619 

45*38 

44-57 

42-95 

0     7 

52-40 

49-85 

47-01 

46-18 

45-36 

43-71 

0    7J 

53-29 

50-70 

47-81 

46*97 

46-14 

44*46 

0    7i 

54  17 

51-54 

48-60 

47*75 

46-90 

45*20 

0    1\ 

55-04 

52-37 

49-38 

48*51 

47-65 

45*92 

0    8 

65-89 

58  18 

50-16 

49*27 

48-39 

46*68 

0    8^ 

66-74 

53-98 

50-90 

60*01 

4912 

47*83 

0    8.^ 

57-56  * 

54-77 

51-64 

60*74 

49-83 

48*02 

0    8) 

58-38 

55-54 

52-88 

51*46 

60-54 

48*71 

0    9 

5919 

56-31 

63  10 

62-17 

51*24 

49*38 

0    9i 

59-98 

57-07 

58-81 

52-87 

51-93 

50-04 

0     9.i 

60-76 

67-81 

54-61 

58-56 

52-60 

\  60-69 

0     9;^ 

61-54 

58-55 

65-22 

54-24 

63-27 

^   61-34 

0  10 

62-30 

59-28 

65-89 

54-92 

63*94 

51-98 

0  lOJ 

63  06 

60-00 

66-57 

55-58 

54-59 

52-61 

0  lO.J 

63-80 

60-70 

57-24 

56-24 

55-24 

53-23 

0  lOi 

64-54 

61-41 

67-90 

56-89 

65-87 

58-85 

0  11 

65-27 

62-10 

68-56 

57-53 

56-51 

64*45 

0  11) 

65-99 

62-79 

69-70 

68-17 

5718 

65  06 

0  \\\ 

66-71 

63-47 

69-84 

58-80 

57-75 

55*65 

0  11} 

67-41 

6414 

60-4S 

59-42 

5S-36 

56-24 

1     0 

442 


THE  mSOHASGE  OF  WATER  FROM 


TABLE  II.^ForJinding  ike  Veloeiiiei/rom  the  AUUude§,  and  the  AUHudei/rom  tMe 
re2oeiMe«.--Altltudo8  1  foot  0^  inch  to  6  feet  8  inches. 
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TABLE  II.—ForJlnding  tU  VeloeUiet/rom  the  AUUndet,  and  th0  AUUudeafrom  the 
T^^octtwt.—Altitudes  1  foot  Oi  inch  to  5  feet  8  inches. 
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THE  DISCHARGE  OP  WATER  FROM 
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TABLE  II.—IifrJlHdiug  ike  VeloeUie$from  the  Aliiiu^,  and  the  AHUudeifrom  ihs 
Vetoeatet-^Altltudes  5  feet  6  inches  to  17  feet. 


Coefficients  of  velocity,  and  the  corresponding  velocities  of 
dischoi^  in  inches  per  second. 

Altitudes  *  in  feet 
and  inches. 
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9  3 

207-78 

197-68 

186-40 

183-14 

179-87 

178-34 

9  6 

210-49 

200-27 

188-84 

185*53 

182-23 

176-61 

9  9 

213-17 

202-82 

191-25 

187-90 

184-55 

177-85 

10  0 

215-82 

205-34 

193-62 

190-23 

186-84 

180-06 

10  3 

218-44 

207-83 

195-97 

192-54 

189-10 

182-24 

10  6 

221-02 

210-29 

198-29 

194-82 

191-34 

184-40 

10  9 

223-58 

212-72 

200-58 

197  07 

198-55 

186-53 

11  0 

226-10 

215-12 

202*85 

199-30 

195-74 

188*64 

11  3 

228-60 

217-50 

205-09 

201  -50 

197*91 

190*72 

11  6 

231-07 

219-85 

207-31 

203-68 

200-04 

192-78 

11  9 

233-62 

222-18 

209-50 

205-83 

202-16 

194-82 

12  0 

285-94 

224-48 

211-67 

207-96 

204-26 

196-84 

12  3 

238-34 

226-76 

213-82 

210-08 

206-33 

198-84 

12  6 

240-71 

229  02 

215-95 

212*17 

208*38 

200-82 

12  9 

243-06 

231-25 

218-06 

214*24 

210*42 

202-78 

13  0 

245-38 

233*46 

220-14 

216-29 

212-43 

204-72 

13  3 

247-69 

235-65 

222-21 

218-32 

214*42 

206-64 

13  6 

249-97 

287*88 

224-26 

220*33 

216*40 

208-54 

13  9 

252-23 

239-98 

226-29 

222*32 

218-36 

210*43 

14  0 

256-70 

244*28 

230-29 

226*26 

222*22 

214-16 

14  6 

261  08 

248*40 

234*23 

230*13 

226*02 

217*82 

15  0 

265-40 

252-51 

238-10 

233-93 

229-76 

221-42 

15  6 

269-65 

256*55 

241  *91 

237-67 

233-44 

224*96 

16  0 

278-83 

260*53 

245-66 

241  -36 

237*06 

228-45 

16  6 

277-94 

264*44 

249*36 

244-99 

240*62 

231-89 

17  0 
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TH£  DISCHARGE  OF  WATER  FROM 


TABLE  IL—BtrJMimg  ikt  VOoeitietfrom  the  AUihtda,  and  the  AUUude$from  the 
F«2oei^— Altitudes  17  feet  6  inches  to  40  feat 


Coeffidonts  of  velocity,  and  the  corresponding  velocitiee  of 

1. 

discharge  in  inches  per  second. 

•S1i& 

"B-^i 

^■^i 

r^t 

Altitudes 
andin< 

Pi 

3  "^  9 
III 

III 

Pi 

11? 

ill 

17     6 

402-860 

392-39 

386-13 

346-46 

828-83 

322-29 

18     0 

408-575 

397-95 

390-60 

351-37 

332-99 

326-86 

18     6 

414-211 

403-44 

395-99 

856-22 

387-68 

381  -37 

19     0 

419-772 

408-86 

401-30 

861-00 

842  11 

835-82 

19     6 

425-268 

414-20 

406-55 

865-72 

846-69 

340-21 

20     0 

430-676 

419-48 

411-73 

870-38 

851-00 

344-54 

20     6 

436-026 

424-69 

416-84 

874-98 

855-86 

848*82 

21     0 

441-311 

429-84 

421  -89 

879-63 

859-69 

868-05 

21     6 

446-534 

434-92 

426-89 

384-02 

368-93 

357-28 

22    0 

451-697 

439-96 

481-82 

888-46 

368-18 

361  -86 

22    6 

456-801 

444-92 

486-70 

892-85 

872-29 

865-44 

23     0 

461-848 

449-84 

441-53 

397-19 

376-41 

869-48 

23    6 

466-841 

450-70 

446-80 

401  -48 

880-48 

878-47 

24    0 

471-782 

459-52 

451-02 

405-78 

884-60 

877-43 

24    6 

476-671 

464-28 

455-70 

409-94 

888-49 

381  -84 

25    0 

481-510 

468-99 

460-32 

414-10 

392*43 

885-21 

25    6 

486-301 

473-66 

464-90 

418-22 

896-34 

889-04 

26    0 

491  -046 

478-28 

469-44 

422-80 

400-20 

392*84 

26    6 

495-745 

482-86 

478-93 

426-34 

404-08 

396-60 

27    0 

500-400 

487-39 

478-88 

480-34 

407-88 

400-82 

27    6 

505-012 

491-88 

482-79 

484-81 

411-58 

404-01 

28    0 

509-582 

496-33 

487-16 

488-24 

415-81 

407-67 

28    6 

514-112 

500-75 

491-49 

442-14 

41900 

411-29 

29    0 

518-602 

605-12 

495-78 

446-00 

422-66 

414-88 

29    6 

523-054 

609-45 

600-04 

449-83 

426-29 

418-44 

30    0 

527-468 

513-75 

504-26 

453-62 

429-89 

421-97 

30    6 

531  -845 

518  02 

608-44 

457-81 

488-46 

425-48 

31     0 

536-187 

522-25 

512-59 

461-12 

486-99 

428-95 

31     6 

540-494 

626-44 

616-71 

464-82 

440-60 

482-40 

32    0 

544-767 

530-60 

520-80 

468-50 

443-98 

486-81 

32    6 

549-006 

534-73 

524-85 

472-15 

447*44 

489-20 

33    0 

553-218 

638-83 

528-87 

475-76 

460*87 

442-57 

38    6 

557-388 

542-90 

632-86 

479-85 

454*27 

445-91 

34    0 

561-532 

646-93 

636-83 

482-92 

457-65 

449-23 

34    6 

565-646 

550-94 

640-76 

486-46 

461  -00 

452-52 

35    0 

569-730 

554-92 

544-66 

489-97 

464-33 

455-78 

36    0 

677-812 

662-79 

652-39 

496-92 

470-92 

462-25 

37    0 

585-782 

570-55 

560-01 

508-77 

477-41 

468-68 

38    0 

593-646 

578-21 

567-53 

510-54 

488-82 

474-92 

39    0 

601  -406 

585-77 

574-94 

517-21 

490-15 

481-12 

40     0 

609-067 

693-28 

682-27 

628-80 

496-39 

487-25 

ORIFICES,    WEIRS,  PIPES,  AND  RIVERS. 
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TABLE  IL-'EarJlndma  ike  VeloeitiMffxm  the  AUUmdet,  and  the  AUUudgtfi'om  tk« 

FeMKM.— AlUtadM  17  feet  6  indrae  to  40  feet 


Coeffldents  of  Tdodty,  and  the  correepondtog  velodties  of 

dlflcharge  In  inches  per  second. 

1 

^-^i 

^-Tki 

^^1 

1^^ 

^-^1 

1-2 

s*^ 

S-i 

ss:. 

is^ 

1^2 

9B 

l2l 

>•  '^  2 

.3  ^  g 
>  '^1 

m 

>  '^  7> 

Altltud 
and 

*"■  "1 

II  f 

«5  p  8 

Hi 

>  1 

^     D    5 

•  "1 

282  00 

268*30 

253*00 

248-56 

244*84 

235*27 

17    6 

286  00 

272*11 

256*59 

252*09 

247*60 

238*61 

18    0 

289*95 

275-86 

260*12 

255*57 

251  01 

241  '90 

18    6 

298-84 

279*57 

263*32 

259  00 

254-88 

245  14 

19    0 

297-68 

288-22 

267*06 

262*38 

257*71 

248-85 

19    6 

301  -47 

286*83 

270*46 

266-73 

260*99 

251  -51 

20    0 

805*22 

290-39 

273-82 

269*03 

264*23 

254-64 

20    6 

308*92 

298-91 

277*08 

272*23 

267-37 

257*67 

21     0 

312-57 

297*39 

280*42 

275-51 

270-60 

260*78 

21     6 

816*19 

300*83 

283-67 

278*70 

278-73 

268-79 

22     0 

819*76 

804*23 

286*87 

281-85 

276*82 

266*77 

22    6 

823-29 

307*59 

290*04 

284*96 

279*88 

269*72 

23    0 

326*79 

310*92 

293*18 

288*04 

282*91 

272-64 

23    6 

330*25 

314*21 

296*28 

291-09 

285*90 

275*52 

24    0 

833*67 

317*46' 

299*35 

294*11 

288-86 

278-88 

24    6 

837  06 

320*69 

302*39 

297*09 

291  80 

281*20 

25    0 

340-41 

323*88 

305-40 

300*05 

294-70 

284*00 

25    6 

343*73 

327*04 

308*38 

302*98 

297-57 

286*77 

26    0 

347  02 

380  17 

311-33 

305*87 

800*42 

289-52 

26    6 

350-28 

333-13 

314*25 

308*75 

303-24 

292-23 

27     0 

853-51 

336-34 

817*15 

311*59 

806  04 

294*93 

27    6 

856*71 

339*38 

820*02 

314*41 

308*81 

297*60 

28    0 

359-88 

342*40 

822-86 

317*20 

311*55 

300*24 

28    6 

363*02 

345*39 

825-68 

319-98 

314-27 

302*86 

29    0 

366  14 

348*35 

328*48 

822*72 

316*97 

805-46 

29    6 

369*23 

351*29 

831-25 

325-45 

319-65 

808*04 

30    0 

372*29 

354-21 

334*00 

32815 

322*30 

310-60 

30    6 

875*33 

357*10 

336*73 

330*83 

324-98 

313-18 

31     0 

378-35 

359*97 

389*43 

883*48 

327-54 

815*60 

31     6 

381  -84 

362-81 

342  11 

336-12 

33018 

318-14 

32    0 

384*30 

865-64 

344-78 

838-74 

832-70 

320*62 

32    6 

387-25 

868-44 

847-42 

341-38 

385-25 

323-08 

33    0 

390  17 

871*22 

850-04 

843-01 

337-78 

825-51 

83    6 

398-07 

373-98 

852-64 

846*47 

840-29 

827-93 

34    0 

395-95 

876*72 

855-23 

849*00 

342-78 

880-34 

34    6 

898-81 

879-44 

357-79 

851-52 

845-26 

832*72 

85    0 

404-47 

884-82 

362-87 

856-51 

350-15 

837-44 

86    0 

410  05 

890  13 

367-87 

361-48 

354  98 

84210 

87    0 

415*55 

895*87 

872*81 

366*28 

859*75 

346-69 

38    0 

420-98 

400*54 

877-68 

371-11 

364*45 

851-22 

89    0 

426*35 

405-64 

382*49 

375*79 

369-09 

355-70 

40    0 
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THE  DISCHARGE  OF  WATER  FROM 


TABLE  III.— Square  "RooUfor  fiwiimg  tha  ^eet*  qf  ike  VeloeUy  vf  Approaek  when 
the  Or^ce  u  9mall  in  proportion  to  the  Sead.  AUoforJLndkng  the  Increa$e  in  thie 
2X$ehargefrom  an  Increase  qfSead.     (See  pp.  91  to  99). 


No. 

Squaro 
root. 

No. 

Square 
root 

No. 

Square 
root 

No. 

Square 
root 

1-000 

1  -0000 

1-116 

1  -0569 

1-476 

1-2141 

1-975 

1-4068 

1001 

1-0005 

1-120 

1-0583 

1-49 

1  -2207 

1-99 

1-4107 

1002 

1-0010 

1-125 

1  -0607 

1-5 

1-2247 

2-00 

1-4142 

1-004 

1-0020 

1-18 

1-0630 

1-61 

1-2288 

2-01 

1-4177 

1-005 

1-0025 

1-185 

1-0664 

1-625 

1-2349 

2-026 

1-4230 

1-006 

1-0030 

1-14 

1  -0677 

1-54 

1-2410 

2-04 

1-4288 

1-008 

1-0040 

1-145 

1-0700 

1-56 

1-2450 

2-05 

1-4818 

1-009 

1*0044 

1-16 

1-0723 

1-56 

1-2490 

2-06 

1-4858 

1010 

1-0050 

1-156 

1-0747 

1-675 

1  -2650 

2-075 

1  -4405 

1-011 

1-0065 

1-16 

1-0770 

1-68 

1-2670 

2-09 

1-4457 

1-012 

1-0060 

1-165 

1-0794 

1-69 

1-2610 

2-10 

1-4491 

1-014 

1-0070 

1-17 

1-0817 

1-6 

1-2649 

211 

1*4526 

1-015 

1-0076 

1175 

1-0840 

1-61 

1  -2689 

;  2-126 

1-4677 

1016 

1-0080 

1-18 

1-0863 

1-626 

1-2748 

214 

1-4629 

1018 

1-0090 

1-185 

1-0886 

1-64 

1-2806 

2-15 

1-4668 

1-019 

1-0095 

1-19 

1-0909 

1-65 

1-2845 

2-16 

1-4697 

1-020 

1-0100 

1-195 

1-0932 

1-66 

1-2884 

2-175 

1-4748 

1-0225 

1-0112 

1-2 

1-0954 

1-676 

1-2942 

1  2-19 

1-4799 

1-025 

1-0124 

1-21 

1-1000 

1-69 

1  -8000 

'  2-2 

1-4882 

1-0275 

10187 

1-22 

1-1046 

1-7 

1  -8088 

2-21 

1-4866 

1-03 

1-0149 

1-23 

1-1091 

1-71 

1-8077 

2-226 

1-4916 

1  -0325 

1-0161 

1-24 

1-1186 

1-726 

1-8184 

2-24 

1-4967 

1-085 

1-0174 

1-25 

1-1180 

1-74 

1-8191 

2-25 

1-5000 

1-0875 

1-0186 

1-26 

1-1225 

1-75 

1-8229 

2-26 

1-5088 

1-04 

1-0198 

1-27 

1-1269 

1-76 

1-8267 

2-275 

1-5083 

1-0425 

1-0210 

1-28 

11814 

1-776 

1  -8828 

2-29 

1-5188 

1-045 

1-0223 

1-29 

1-1858 

1-79 

1-8879 

2-8 

1-5166 

1-0476 

1-0286 

1-80 

1-1402 

1-80 

1-8416 

2  81 

1-5199 

1-05 

1-0247 

1-81 

1-1446 

1-81 

1-8464 

2-325 

1-5248 

1-055 

1-0271 

1-325 

1-1511 

1-825 

1-3509 

2-84 

1-5297 

1-06 

1  -0296 

1-34 

1-1676 

1-84 

1  •8566 

2-85 

1-5880 

1-065 

1-0320 

1-35 

1-1619 

1-86 

1.8601 

2.36 

1-5362 

1-07 

1-0344 

1-36 

1-1662 

1-86 

1-8638 

2-876 

1-6411 

1-076 

1  -0868 

1-375 

1-1726 

1-876 

1-8698 

2-89 

1-6460 

1-08 

1-0392 

1-39 

1  -1790 

,  1-89 

1  -8748 

2-4 

1-5492 

1-085 

1-0416 

1-40 

11832 

1-9 

1  -3784 

2-41 

1-6624 

1-09 

1-0440 

1-41 

1-1874 

1-91 

1-8820 

2-425 

1-6672 

1-095 

1  -0464 

1-426 

1-1937 

1-925 

1  -8875 

1  2-44 

1-5621 

11 

1-0488 

1-44 

1-2000 

1-94 

1-8928 

2-45 

1-6652 

1105 

1-0512 

1-45 

1-2042 

1-96 

1-8964 

2-46 

1-5684 

1-110 

1-0586 

1-46 

1-2083 

1-96 

1-4000 

2-475 

1-5737 

ORIFIOBS,  WEIBS,  PIPES,  AND  RIVERS. 
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TABLE  m.-^Squar*  Boota  far  JMmg  the  ^fftdU  qf  the  Veloeiiy  qf  Approach  whcm 
the  Ori^  if  mmall  i»  proportion  to  the  Soad.  AUoforfimdOmg  the  inertaao  m  the 
Vitehargofrom  am  imeroaoo  ^Hoad.     (Bee  pp.  91  to  99.) 


No 

Square 

No 

Square 

No 

Square 

NOl 

Square 

«i«  V* 

root 

▲^\/» 

root 

A^Va 

root 

IkWU 

root 

2-49 

1-6780 

3-0000 

1-7821 

4-5 

2-1218 

26 

5-0990 

2-5 

1-5811 

3-025 

1-7898 

6  0 

2-2361 

27 

5  1962 

2-51 

1-5843 

8-05 

1-7464 

6-5 

2-3462 

28 

5-2915 

2-525 

1  -5890 

3075 

1-7586 

60 

2-4496 

29 

5-8852 

2-54 

1-6937 

81 

1-7607 

6-5 

2-6496 

80 

5-4772 

2-65 

1-6969 

3-125 

1-7678 

7-0 

2-6468 

81 

5-5678 

2-56 

1-6000 

315 

1-7748 

7-5 

2-7886 

32 

5-6569 

2-575 

1-6047 

8-175 

1-7819 

8-0 

2-8284 

88 

5-7446 

2-59 

1-6098 

3-2 

1-7889 

8-5 

2-9156 

84 

5-8810 

2-6 

1-6125 

3-225 

1-7958 

9-0 

8-0000 

35 

5-9161 

2-61 

1-6166 

3-25 

1-8028 

9-5 

8-0822 

36 

6-0000 

2-625 

1-6202 

3-275 

1-8097 

100 

8-1623 

37 

6-0828 

2-64 

1-6248 

8-3 

1-8166 

10-5 

2-2404 

38 

6  1644 

2-65 

1-6279 

3-825 

1-8235 

11-0 

8-3166 

39 

6-2460 

2-66 

1-6310 

3-35 

1-8303 

11-5 

8-8912 

40 

6-3246 

2-675 

1  -6356 

8-875 

1-8371 

120 

3-4641 

41 

6-4031 

2-69 

1-6401 

8-4 

1-8489 

12-5 

8-5355 

42 

6-4807 

2-7 

1-6432 

8-425 

1-8507 

18-0 

3-6066 

48 

6-5574 

2-71 

1-6462 

8-45 

1-8574 

18-5 

8-6742 

44 

6-6882 

2-726 

1-6508 

3-475 

1-8641 

14-0 

8-7417 

45 

6-7082 

2-74 

1  -6563 

8-5 

1-8708 

14-5 

8-8079 

46 

6-7828 

2-75 

1-6583 

8-525 

1-8776 

15-0 

8-8730 

47 

6-8567 

2-76 

1-6613 

8-55 

1-8841 

15-5 

3-9370 

48 

6-9282 

2-775 

1-6658 

3-575 

1-8908 

16-0 

4  0000 

49 

7-0000 

2-79 

1-6703 

8-6 

1-8974 

16-5 

4-0620 

50 

7-0711 

2-8 

1  -6733 

8-625 

1-9039 

17-0 

4-1231 

51 

71414 

2-81 

1-6763 

8*65 

1  -9105 

17-5 

4  1833 

52 

7-2111 

2-825 

1  -6808 

8-675 

1-9170 

18-0 

4-2426 

63 

7-2810 

2-84 

1-6862 

8-7 

1-9235 

18-5 

4-8012 

54 

7-8485 

2-85 

1-6882 

3726 

1-9300 

19-0 

4-3589 

55 

7-4162 

2-86 

1-6912 

8-75 

1-9366 

19-5 

4-4169 

56 

7-4833 

2-875 

1-6966 

8-775 

1-9429 

20-0 

4-4721 

57 

7-6498 

2-89 

1-7000 

8-8 

1-9494 

20-5 

4-5277 

58 

7-6168 

2-9 

1-7029 

8-826 

1-9558 

21-0 

4-6826 

59 

7-6811 

2-91 

1-7059 

8-85 

1-9621 

21-5 

4-6368 

60 

7-7460 

2-925 

1-7103 

8  875 

1-9685 

22-0 

4-6904 

61 

7-8102 

2-94 

1-7146 

8-9 

1-9748 

22-5 

4-7434 

62 

7-8740 

2-95 

1-7176 

8-925 

1-9812 

28-0 

4-7968 

68 

7-9878 

2-96 

1-7205 

8-95 

1*9875 

28-5 

4-8477 

64 

8  0000 

2-975 

1-7248 

8-976 

1-9938 

240 

4-8990 

65 

8-0623 

2-99 

1-7292 

4-0 

2-0000 

25  0 

5-0000 

ee 

8-1240 

GO 


450 


THE  DISCHARGE  OF  WATER  FROM 


TABLE  ir.^JPbr  Jtndmg  tie  Di$ehary€  through  BeetoMgmUir  Or^em;  i»  wJueh 

*=  2"    -^^fo^J^^*^^  ^  ^eet9  qf  tU  Vdodiy  tjfApproack  to  Wein,  and  tJm 
Ikpnimon  o»  the  OretL    (See  pp.  91  to  99.) 


l+». 

•I. 

a+«)*. 

(l+«)l-^l. 

1+*. 

«♦. 

a  +»)*• 

a+«^-»^. 

1000 

-0000 

1-0000 

1^0000 

1-116 

•0390 

1-1774 

1-1384 

1001 

-0000 

1-0015 

1^0015 

1120 

•0416 

11853 

1-1437 

1002 

•0001 

1-0030 

1^0029 

1-126 

•0442 

1-1932 

11491 

1004 

•0008 

1^0060 

1^0068 

1-13 

•0469 

1-2012 

1-1648 

1006 

•0004 

10075 

1^0072 

1186 

•0496 

1-2092 

1-1696 

1006 

•0006 

10090 

1^0086 

114 

•0624 

1-2172 

1  -1648 

1008 

•0007 

10120 

l^OllS 

1-145 

•0652 

1-2251 

11700 

1-009 

-0009 

10135 

10127 

1-16 

•0681 

1-2832 

1-1761 

I'OIO 

-0010 

1-0160 

1-0140 

1156 

•0610 

1-2413 

1-1803 

1011 

•0012 

1^0165 

1-0164 

1-16 

•0640 

1-2494 

1-1854 

1-012 

•0018 

1-0181 

1-0167 

1-166 

•0670 

1-2574 

1-1904 

1-014 

•0017 

10211 

1-0194 

117 

•0701 

1-2656 

11955 

1-015 

-0018 

1-0226 

1  0207 

1-176 

•0732 

1^2737 

1-2005 

1-016 

•0020 

10241 

1  -0221 

118 

•0764 

1^2818 

1-2064 

1018 

•0024 

10271 

10247 

1186 

•0796 

1-2900 

1-2104 

1-019 

•0026 

1^0286 

1-0260 

119 

•0828 

1-2981 

1-2153 

1-020 

-0028 

1^0301 

1-0278 

1-196 

•0861 

1  -8068 

1  -2202 

1-0226 

•0084 

1^0389 

1-0306 

1-2 

•0894 

1  -3146 

1-2251 

1026 

-0040 

10377 

1-0338 

1^21 

-0962 

1  -3310 

1-2348 

1  -0276 

-0046 

10416 

10370 

1^22 

-1082 

1-3476 

1-2443 

103 

•0062 

1^0453 

1  -0401 

123 

-1103 

1  -3641 

1-2538 

1  0825 

•0059 

1^0491 

1-0433 

1-24 

-1176 

1-8808 

1-2632 

1-035 

•0066 

1-0630 

1-0464 

1-26 

-1250 

1-8976 

1-2725 

1  0375 

•0073 

1-0668 

1-0495 

1-26 

•1326 

1-4143 

1-2818 

104 

•0080 

1-0606 

1-0526 

1-27 

•1403 

1-4812 

1-2909 

10426 

-0088 

1-0644 

1-0557 

1-28 

•1482 

1-4482 

1-3000 

1046 

•0096 

1-0683 

1-0587 

1-29 

-1662 

14652 

1-3090 

10476 

•0104 

1-0721 

1-0617 

1-30 

•1643 

14822 

1-3179 

1-06 

•0112 

10759 

1-0648 

1-31 

•1726 

14994 

1-3268 

1055 

•0129 

10836 

1-0707 

1-825 

•1863 

1^5262 

1-8399 

1-06 

•0147 

10913 

1-0766 

1-84 

•1983 

16612 

1-3529 

1-066 

•0166 

1-0991 

1-0825 

1-35 

•2071 

1-6686 

1-3615 

107 

•0186 

1-1068 

1-0883 

1-36 

•2160 

1-6860 

1  -3700 

1-076 

•0206 

1-1146 

10940 

1-375 

•2296 

1-6128 

1  -3827 

1-08 

•0226 

1-1224 

1-0997 

1-39 

•2436 

1-6888 

1-3952 

1-086 

•0248 

1-1302 

1-1054 

1-40 

•2630 

1-6666 

1-4035 

109 

•0270 

1-1380 

1-1110 

1-41 

•2626 

1-6743 

1-4118 

1096 

•0298 

1-1468 

11166 

1-426 

•2771 

1-7011 

1  '4240 

11 

•0316 

1-1687 

11221 

1-44 

•2919 

1-7280 

1-4861 

1-105 

•0840 

1-1616 

11276 

146 

•8019 

17460 

1-4442 

1-110 

•0866 

11696 

11830 

1^46 

•8120 

1-7641 

1-4521 

Yalues  of  n  from  0  to  *46. 


[Oomiiiaud  <m  Moxtpogo. 


ORIFICES,   WEIRS,  PIPES,  AND  RIVERS.  451 


TABLE  ir,—F^JUtdimff  tk«  DUekarge  tkrouffh  JUetaagular  Onfien;  i»  fckiek 
ii=|.  Aim  forJlniimgth9^9eU  qftk«  VelM^vfAppnaAio  Wwt^irc. 
(See  pp.  91  to  99.)  


1  +m. 


1-476 

1-49 

1-6 

1-61 

1*626 

1-64 

1-66 

1-66 

1-6761 

1-68 

1-69 

1-6 

1-61 

1-626 

1-64 

1-66 

1-66 

1-676 

1-69 

1-7 

1-71 

1-725 

1-74 

1-76 

1-76 

1-776 

1-79 

1-80 

1-81 

1-825 

1-84 

1-86 

1-86 

1-875 

1-89 

1-9 

1-91 

1-925 

1-94 

1-95 

1-96 


0 +*•)*. 


•8274 
-S480 
•8636 
-3642 
•3804 
-3968 
•4079 
-4191 
•4360 
•4417 
•4632 
•4648 
-4764 
-4941 
•6120 
•6240 
•6362 
-6646 
-6732 
-6867 
•6983 
•6178 
-6366 
•6496 
•6626 
•6823 
•7022 
•7156 
-7290 
•7498 
7699 
•7837 
•7975 
•8185 
•8396 
•8638 
•8681 
•8896 
•9114 
•9259 
-9406 


1-7914 
1-8188 
1-8371 
18666 
1^8832 
19111 
19297 
19484 
19766 

1  9860 
2^0049 
20239 
20429 

2  0716 
21002 
21195 
2-1388 
2  •1678 
2  1970 
2*2165 
2  2361 
22656 
2  2962 
2-3160 
2-3349 
2-3648 
2-3949 
2-4150 
2-4351 
2-4664 
2-4969 
2-6163 
2-5367 
2-5674 
2-5983 
2-6190 
2-6397 
2-6709 
2-7021 
2-7230 
2-7440 


(1  +«)*—»* 


1^4640 
1-4758 
1-4836 
14913 
1  •6028 
1-6143 
1-6218 
16294 
16406 
15443 
16617 
15691 
1  6664 
15774 
1-5882 
15964 
16026 
16132 
1-6238 
1  -6309 
1  -6379 
1-6488 
1  -6586 
1-6655 
1-6724 
1-6826 
1  -6927 
1  ^6994 
1-7061 
17161 
1  -7260 
1-7326 
17392 
1-7490 
1-7587 
1  -7662 
1-7716 
1-7818 
1-7907 
1-7971 
18034 


1  +  ». 

1-976 

1-99 

2- 

2-01 

2-025 

2  04 
205 
2-06 
2  076 
2  09 
210 
211 
2-125 
2-14 
215 
216 
2-176 
2-19 
2-2 
2-21 
2-225 
2-24 
2-26 
2-26 
2-275 
2-29 
2-3 
2-31 
2-826 
2-34 
2-36 
2-36 
2-375 
2-39 
2-4 
2-41 
2-425 
2-44 
2-45 
2*46 
2-475 


»*. 

a+»)*. 

-9627 

2  7756 

-9850 

2-8072 

•0000 

2-8284 

•0160 

2-8497 

•0877 

2-8816 

•0606 

2-9137 

-0769 

2-9352 

-0913 

2-9567 

-1146 

2-9890 

•1380 

3  0216 

•1687 

3  0432 

-1696 

3-0650 

-1982 

3-0977 

-2172 

31306 

•2332 

3-1526 

•2494 

3-1745 

•2737 

3-2077 

•2981 

3-2409 

•3146 

8-2631 

•3310 

3-2854 

•3568 

3-3189 

-3808 

8  •3525 

•3976 

3  3750 

•4143 

3 -3975 

•4397 

34314 

•4652 

8  4654 

•4822 

3^4881 

•4994 

8-5109 

•5252 

3  6451 

•6512 

3 -5796 

•6686 

3  6026 

•6860 

3  •6255 

•6128 

3  6601 

•6388 

8-6948 

•6665 

37181 

•6743 

37413 

•7011 

87763 

7280 

3^8114 

7460 

3-8349 

•7641 

3-8584 

•7914 

8-8937 

(1 +»)*-«*. 


•8128 
•8222 
•8284 
•8346 
•8439 
-8631 
-8592 
-8653 
-8744 
•8835 
-8895 
-8956 
•9045 
•9134 
-9193 
•9252 
•9340 
1-9428 
1-9486 
1-9544 
1*9631 
1-9717 
1-9776 
1-9832 
1-9917 
2-0002 
2  0069 
2-0115 
2  0200 
2-0284 
2-0339 
20395 
2-0478 
2-0661 
2-0616 
2-0670 
2  •0752 
2-0834 
2-0888 
2-0942 
2-1023 


YaluM  of  II  from  -475  to  1*475 


[CoiUimmtd  om 

O  O  2 


fage. 
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TEE  DISCHARaS  OP  WATER  PROM 


TABLE  IV.^noT  ^mduuf  ike  DittAarffe  through  Beetang%Uw  Op^Io«;   m  wMeii 

»  =  ^    AUo  for  finding  ih$  ^ecU  if  the  VOoeUf  qf  Appnaekto  Wein,  fc. 
(Bee  pp.  91  to  99.) 


1+*. 

ni 

(1+1.)*. 

(l+*)*-H.f 

1  +». 

ni 

(1  +  n)l 

(!+»)*-•*. 

2*49 

1-8188 

3-9292 

21104 

3- 

2*8284 

6-1962 

2-3677 

2-6 

1-8871 

3-9528 

2-1157 

3-025 

2-8816 

5-2612 

2-3796 

2-51 

1-8555 

8-9766 

2-1211 

3-05 

2*9362 

5-3626 

2-8914 

2-525 

1-8882 

4-0123 

2-1291 

3-075 

2-9890 

6-3922 

2-4032 

2*54 

1-9111  4-0481 

2-1370 

3  1 

3-0432 

6-4581 

2-4149 

2-55 

1-9297 

4  0720 

21423 

3-125 

3-0977 

6-5248 

2-4266 

2-56 

1  -9484 

4-0960 

2  1476 

3  15 

8-1525 

5-5907 

2-4382 

2-575 

1  -9766 

41321 

2-1554 

3-175 

3-2077 

6-6574 

2-4497 

2-59 

2-0049 

4  1682 

2-1633 

3-2 

3-2681 

6-7243 

2-4612 

2-6 

2-0289 

4-1924 

2-1685 

3-225 

3-3189 

5-7915 

2-4726 

2-61 

2-0429 

4-2166 

2-1737 

3-25 

8-8760 

6-8590 

2-4840 

2-625 

2-0715 

4-2530 

2-1815 

3-275 

3-4314 

6-9268 

2-4958 

2-64 

2-1002 

4-2895 

2-1898 

3-8 

3-4881 

5-9947 

2-5066 

2*65 

2-1196 

4-3139 

2-1944 

3-825 

8-5451 

6-0680 

2-5179 

2-66 

2-1388 

4-3383 

2-1996 

8-35 

3*6025 

6-1315 

2-5290 

2-675 

2-1678 

4-3751 

2-2078 

3-375 

3-6601 

6*2008 

2-5401 

2-69 

21970 

4-4119 

2-2149 

3-4 

3-7181 

6*2693 

2-5512 

2-7 

2-2166 

4-4366 

2-2200 

3-425 

3-7768 

6-3386 

2-5628 

2-71 

2-2361 

4-4612 

2-2251 

3-46 

3-8349 

6-4081 

2-5732 

2-725 

2-2656 

4-4983 

2-2827 

3-476 

3-8937 

6-4779 

2-5842 

2-74 

2-2952 

4-5355 

2-2403 

3-6 

3-9528 

6-6479 

2-5951 

2-75 

2-3150 

4-5604 

2*2458 

8-526 

4-0123 

6*6182 

2-6069 

2-76 

2-3349 

4-5853 

2-2504 

3-55 

4-0720 

6-6887 

2-6167 

2-776 

2-3648 

4-6227 

2-2679 

3-576 

4  1321 

6-7595 

2-6274 

2-79 

2-3949 

4-6602 

2*2654 

3-6 

4-1924 

6-8805 

2-6381 

2-8 

2-4150 

4-6853 

2-2703 

3-625 

4-2530 

6-9018 

2-6488 

2-81 

2-4351 

4-7104 

2-2753 

3-66 

4-3189 

6-9788 

2*6594 

2-825 

2-4654 

4-7482 

2-2827 

8-676 

4-3751 

7-0461 

2-6700 

2-84 

2-4959 

4-7861 

2-2902 

8-7 

4-4366 

7-1171 

2-6805 

2-85 

2-5168 

4-8114 

2-2951 

3-726 

4-4983 

7*1893 

2-6910 

2-86 

2-5867 

4-8367 

2-3000 

3-76 

4-5604 

7-2618 

2-7015 

2-875 

2-5674 

4-8748 

2-3074 

3-776 

4-6227 

7-8346 

2-7119 

2-89 

2-5983 

4-9130 

2-8147 

3-8 

4-6853 

7-4076 

2-7228 

2-9 

2-6190 

4-9385 

2-3196 

3-825 

4-7482 

7-4808 

2-7826 

2-91 

2-6397 

4-9641 

2-3244 

3-85 

4-8114 

7-5542 

2-7429 

2-925 

2-6708 

5-0025 

2-3817 

8-876 

4-8748 

7*6279 

2-7531 

2-94 

2-7021 

5-0411 

2-8389 

8-9 

4-9385 

7-7019 

2-7684 

2-95 

2-7230 

5-0668 

2-3488 

3-926 

6-0025 

7-7761 

2-7786 

2-96 

2-7440 

5*0926 

2  3486 

3-95 

5-0668 

7-8506 

2-7887 

2-975 

2-7756 

5-1313 

2-3558 

3-975 

5-1813 

7-9251 

2*7838 

2-99 

2-8072 

5-1702 

2  3630 

4- 

6-1962 

8* 

2*8088 

Values  of  n  from  1  49  to  8.  [Qmtuuui  on  nmsipage. 
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TABLE  ir.^FarJMUmg  ikt  Ditekarge  through  Meetamgular  Orffiea;  in  whidk 

n=.-^    Alto  forfinSiitg  Ho  ^oeU  ^  fh»  VOooiijf  qf  Afpnaek  to  Wek%  4v, 
(Beeppi  91  to  99.) 


4*5 

A 

a+«)*" 

(l+nA-nV 

jl+». 
26- 

A 

a + «)V 

a+«)^-»V 

6-5479 

9-5459 

2-9980 
81803 
3-3527 

125-0000 

182*5745 

7-5745 

5  0 

8-0000 

11-1803 

27- 

132-5745 

140-2961 

7*7216 

5-6 

9-5459 

12-8986 

28- 

140-2961 

148*1621 

7-8660 

6  0 

11-1803 

14-6969 

3-5166 

29- 

148-1621 

156*1698 

8-0077 

6-5 

12-8986 

16-5718 

3-6732 

80- 

156*1698 

164*3168 

8-1470 

7-0 

14-6969 

18-5203 

8*8234 

81- 

164-8168 

172-6007 

8*2839 

7-5 

16-5718 

20-5396 

8-9678 

82- 

172*6007 

181-0198 

8-4186 

80 

18-5203 

22-6274 

4-1071 

88- 

181-0193 

189-6706 

8-5518 

8-5 

20-5396 

24-7815 

4-2419 

84- 

189*5706 

198-2524 

8-6818 

9-0 

22-6274 

27-0000 

4-3726 

85- 

198*2524 

207*0628 

8-8104 

9-5 

24-7815 

29-2810 

4-4995 

86- 

207-0628 

216-0000 

8-9872 

10  0 

27-0000 

31  -6228 

4-6228 

87- 

216*0000 

226-0622 

9-0622 

10-5 

29-2810 

34-0239 

4-74-29 

88- 

225  0622 

284-2477 

9-1856 

110 

31  -6228 

36-4829 

4-8601 

39- 

284*2477 

248-5649 

9*3072 

11-5 

34-0239 

38-9984 

4-9745 

40- 

243*6549 

252-9822 

9*4278 

120 

36-4829 

41-5692 

6-0863 

41- 

252*9822 

262*5281 

9 '6459 

12-5 

38-9984 

44  1942 

5-1958 

42- 

262*5281 

2721911 

9-6630 

180 

41  -5692 

46-8722 

5-8030 

43- 

272*1911 

281*9699 

9-7788 

18-5 

44-1942 

49-6022 

5-4080 

44- 

281*9699 

291*8680 

9*8981 

140 

46-8722 

52-3832 

6-5110 

45- 

291*8680 

801*8692 

10-0062 

14-6 

49-6022 

55-2144 

5-6122 

46- 

301-8692 

811*9872 

10-1180 

150 

52-3832 

58-0947 

6-7116 

47- 

311*9872 

822*2158 

10*2286 

16-5 

55-2144 

610236 

5-8092 

48- 

322*2158 

882*6688 

10-8880 

18  0 

58  0947 

64- 

6-9053 

49- 

382*5588 

848*0000 

10*4462 

16-5 

61-0286 

67-0247 

6  0011 

50- 

343*0000 

368*6684 

10*6684 

170 

64- 

70-0928 

6-0928 

51- 

353*5534 

864-2128 

10*6594 

17-5 

67-0247 

73-2078 

6-1831 

52- 

364-2128 

874-9778 

10*7646 

18-0 

70-0928 

76-3675 

6-2747 

53- 

374*9778 

885-8458 

10*8685 

18-5 

73-2078 

79-5715 

6-3637 

54- 

385-8458 

896*8173 

10*9716 

190 

76-3675 

82-8191 

6-4516 

65- 

396-8173 

407-8909 

11*0736 

19-6 

79-5715 

86  1097 

6-5382 

56- 

407-8909 

419*0666 

111747 

200 

82-8191 

89-4427 

6-6236 

57- 

419  0656 

480*3406 

11*2760 

20-6 

861097 

92-8177 

6-7080 

58' 

480-8406 

441*7148 

11-8742 

210 

89-4427 

96-2341 

6-7914 

59- 

441*7148 

468*1876 

11*4728 

21-6 

92-8177 

99-6914 

6-8737 

60- 

4531876 

464-7680 

11*6704 

22-0 

96-2341 

103-1892 

6-9551 

61- 

464-7580 

476-4262 

11*6672 

22*5 

99-6914 

106-7269 

7-0855 

62- 

476*4252 

488-1886 

11*7688 

28- 

103-1892 

110-8041 

7-1149 

68- 

488-1885 

500*0470 

11*8585 

28  5 

106-7269 

113-9205 

71936 

64- 

500*0470 

5120000 

11*9530 

24- 

110-3041 

117-5755 

7-2714 

65- 

6120000 

524*0468 

12*0468 

25- 

117-5755 

125- 

7-4245 

1 

66* 

624*0468 

686*1866 

12-1397 

Values  of  »  from  8*5  to  dS^ 
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TABLE  V.^CoMaenU  of  Ditekorge  for  Different  SaivM  qf  the  Ckamui  to  tie 
Ori/Iee. —Coofflcients  for  Heads  in  still  water  '650  and  *673.  See  equattona 
(44)  and  (44a)  and  the  observations  thereon  at  p.  99. 


Coefficient  -550  for  heads  in  still    | 

Coefficient  -57S  for  beads  in  still     | 

water. 

water. 

Ratio 
of  the 

Ratio  of  the 

Coefficients 

Coefficients 

Ratio  of  the 

CoefficienU 

Coefficients 

jhannal 

height  due 
to  the  velo- 

for orifices : 

for  weirs : 

heieht  due 
to  uxe  Telo- 

for orifices: 

for  weirs : 

to  the 

the  heads 

the  heads 

the  heads 

the  heads 

orifice. 

city  of  ap- 

measured 

measured 

city  of  ap- 
proach to 
the  head. 

measured 

measured 

proach  to 

to  the 

the  full 

to  the 

thef^ 

the  head. 

centres. 

depth. 

centrea 

depth. 

30- 

•000 

•650 

•550 

•000 

•573 

•57S 

20- 

•001 

•660 

•651 

•001 

•673 

•674 

15- 

•001 

•650 

•651 

•001 

•673 

•674 

lo- 

•003 

•551 

•652 

•003 

•674 

•676 

o- 

•004 

•661 

•658 

•004 

•674 

•676 

s' 

•005 

•651 

•664 

•006 

•674 

•677 

7' 

•006 

•652 

•655 

•007 

•675 

•678 

6- 

•008 

•652 

•557 

•009 

•676 

•680 

6-5 

•010 

•658 

•558 

•Oil 

•676 

•682 

6-0 

•012 

•668 

•559 

•018 

•677 

•684 

4-6 

•015 

■664 

•662 

•016 

•678 

•686 

4-0 

•019 

•666 

•565 

•021 

•679 

•689 

375 

•022 

•656 

•666 

•024 

•680 

•692 

8-50 

•025 

■667 

•669 

•028 

•681 

•594 

8-25 

■029 

•568 

•572 

•032 

•682 

'698 

80 

•035 

•659 

•675 

•038 

•684 

•602 

275 

•042 

•661 

•680 

•046 

•686 

•607 

2-50 

•051 

•564 

'686 

•066 

•689 

•614      , 

2-25 

•064 

•667 

•694 

•069 

•698 

•628 

2-00 

•082 

•672 

•606 

•089 

•698 

•686 

1-95 

•086 

•678 

•609 

•094 

•699 

•639 

1-90 

•091 

•676 

•612 

•100 

•601 

•648 

1-85 

•097 

•676 

•615 

•106 

•608 

•647 

1-80 

•108 

•578 

•619 

•113 

•604 

•651 

175 

•110 

•679 

•628 

•120 

•606 

•655 

1-70 

•117 

•581 

•627 

•128 

•609 

•660 

1-66 

•125 

•683 

•632 

•187 

•611 

•666 

1-60 

•134 

•686 

•637 

•147 

•614 

•671 

1-66 

•144  . 

•688 

•643 

•168 

•617 

•678 

1-50 

•155 

•691 

•649 

•171 

•620 

•685 

1-45 

•168 

•694 

•666 

•186 

■624 

•694 

1-40 

•188 

•698 

•664 

•201 

•628 

•708 

1-36 

•199 

•602 

•678 

•220 

•638 

•718 

1-80 

•218 

•607 

•688 

•241 

•638 

•724 

1-25 

•240 

•612 

•695 

•266 

•645 

•787 

1-20 

•265 

•619 

707 

•295 

•652 

•753 

115 

•297 

•626 

•728 

•880 

•661 

•770 

1-10 

•888 

•685 

•741 

•872 

•671 

•791 

1-06 

•378 

•646 

•762 

•424 

-684 

•816 

100 

•434 

•669 

787 

•489 

•699 

•845 

See  the  auxiliary  tables,  pp.  104, 108,  and  IIL 


ORIFICES,   WEIRS,  PIPES,  AND  RIVERS, 
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TABLE  V.—Co^ffleienU  of  DUc^targ^  for  iiffemd  Saiioi  <f  the  Chamnel  to  the 
OrMctf.— Coefficients  for  heads  In  still  water  -6S4  and  '595.  Bee  equations  C44) 
Hnd  (44a)  and  the  observations  thereon  at  p.  99. 


Coeffidenl 

i '564  for  heads  in  stlU 

Coefficient  '595  for  heads  in  still 

water. 

wator. 

Ratio  of 
the 

Ratio  of 

CoefBdents 

Coefficients 

Ratio  of 

Coefficients 

Coefficients 

channel 

the  height 
due  to  Uie 

for  orifices : 

forweln: 

the  heiffht 

for  orifices: 

for  weirs : 

totlie 

the  heads 

the  heads 

due  to  the 

tbe  heads 

the  heads 

orlfloe. 

velocity  of 

measured 

measured 

velocity  of 

measured 

measured 

approach 

to  the 

the  full 

approach 
to  the  head. 

to  the 

the  full 

to  the  head. 

centres. 

depth. 

centres. 

depth. 

30- 

•000 

•584 

•584 

•000 

•695 

•696 

20- 

•001 

•684 

•686 

•001 

•595 

•596 

15- 

•002 

•684 

•686 

•002 

•695 

•596 

10- 

•008 

•685 

•687 

•004 

•596 

•698 

9  0 

•004 

•686 

•588 

•004 

•696 

•699 

1-0 

•005 

•686 

•688 

•006 

•697 

•600 

7-0 

•007 

•686 

•690 

•007 

•697 

•601 

6-0 

•010 

•687 

•692 

•010 

•698 

•608 

6-5 

•Oil 

•687 

•698 

•012 

•699 

•605 

6  0 

•014 

•688 

•696 

•014 

•699 

•607 

4-5 

•017 

•689 

•698 

•018 

•600 

•610 

40 

•022 

•690 

•601 

•028 

•602 

•618 

8-76 

•025 

•691 

•604 

•026 

•608 

•616 

S'50 

•029 

•692 

•606 

■080 

•604 

•619 

8-25 

•088 

•694 

•610 

•086 

•605 

•622 

8  0 

•089 

•695 

•614 

•041 

•607 

•627 

2-75 

•047 

•698 

•620 

•049 

•609 

•688 

2-60 

•068 

•601 

•627 

•060 

•618 

•641 

2-25 

•072 

•605 

•687 

•076 

•617 

•651 

20 

•098 

•611 

•661 

•097 

•623 

•666 

1-95 

•099 

•612 

•664 

•103 

•626 

•669 

1-90 

•104 

•614 

•660 

•109 

•227 

•678 

1-85 

•111 

•616 

•662 

•115 

•628 

•678 

1-80 

•118 

•617 

•666 

•128 

•680 

•682 

1-75 

•126 

•620 

•671 

•181 

•688 

•687 

1-70 

•184 

•622 

•676 

•140 

•686 

•698 

1-65 

148 

•624 

•682 

•149 

•688 

•699 

1-60 

•164 

•627 

•689 

•160 

•641 

•706 

1-65 

•166 

•681 

•696 

•178 

•644 

•718 

1-50 

•179 

•684 

•708 

■187 

•648 

•721 

1-45 

•194 

•688 

•712 

•202 

•662 

•780 

1-40 

•211 

•643 

•722 

•220 

•667 

741 

1-86 

•280 

•648 

•782 

•241 

•668 

•752 

1-80 

•268 

•654 

•746 

•266 

•669 

•766 

1-25 

•279 

•661 

•769 

•298 

•677 

•780 

1-20 

•310 

•669 

•775 

•325 

•685 

797 

115 

•848 

•678 

•794 

•866 

•695 

•818 

1-10 

•898 

•689 

•816 

•414 

•707 

•842 

106 

•448 

•708 

•842 

•478 

•722 

•870 

1-00 

•618 

•719 

•874 

•648 

•740 

•905 

Bee  the  auxiliaiy  taUMV  FP^  104, 106,  and  111. 
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TASl 

'»E  V.^CodH 

«Mllf«of   Dii 

tdkarO€  far  c 

H^ereni  Bafitm  of  th»  Chamnel  to  tke 

OrfiCee.— Goeffidrats  for  heada  in.  «tai  water  *606  and  '617.    Bee  eQuationa  ^44) 

an 

id  (4ia)  and  the  observations  thereon  at  p.  99. 

Coefficient  '606  for  heads  in 

Coefficient  -617  for  heads  in 

stiU  water. 

Stillwater. 

Batlo 

of  the 

Batio  of    'coefficients 

Coefficients 

Ratio  of 

Coefficients 

Coefficients 

channel 

the  height  for  orifices  : 

forwefrs: 

the  height 

for  orifices : 

for  weirs : 

to  the 

due  to  the    tiie  heads 

the  heads 

due  to  the 

the  heads 

the  heads 

orifice. 

velocity  of 

measured 

measured 

Telocity  of 

measured 

measured 

approach 

to  the 

thefliU 

approach 
to  the  head. 

to  the 

the  full 

to  the  head. 

centres. 

depth. 

centres. 

depth. 

30- 

•000 

•606 

-606 

•000 

•617 

•617 

20- 

•001 

•606 

•607 

•001 

•617 

•618 

15- 

•002 

•607 

•607 

•002 

•618 

•619 

10- 

•004 

•607 

•609 

•004 

•618 

•620 

9-0 

•006 

•607 

•610 

•005 

•618 

•621 

8-0 

•006 

•608 

•611 

•006 

•619 

•622 

7  0 

•008 

•608 

•612 

•008 

•619 

•624 

60 

•010 

•609 

•615 

•Oil 

•620 

•626 

5-6 

•012 

•610 

•616 

•013 

•621 

•628 

5  0 

•016 

•611 

•619 

•015 

•622 

•630 

4-6 

•018 

•612 

•621 

•019 

-628 

•638 

4-0 

•023 

•613 

•625 

•024 

•624 

•637 

3-75 

•027 

•614 

•628 

•028 

•626 

•640 

3-50 

•031 

■616 

•631 

•032 

•627 

•648 

8-25 

•086 

•617 

•636 

•037 

•628 

•647 

3-00 

•043 

•619 

•640 

•044 

•630 

•663 

2-75 

•051 

•621 

•646 

•053 

-633 

•660 

2-50 

•062 

•626 

•654 

•065 

•637 

•668 

2-26 

•078 

•629 

•665 

•081 

•642 

•679 

2  00 

•101 

•636 

•681 

-105 

•649 

•696 

1-96 

•107 

•638 

•685 

•111 

•660 

•700 

1-90 

•113 

•639 

•689 

•118 

•652 

•704 

1-86 

•119 

•641 

•693 

•126 

•654 

•709 

1-80 

•128 

-644 

•698 

•183 

•657 

•714 

1-75 

•186 

•646 

•703 

-142 

•669 

•720 

1-70 

•146 

•649 

•709 

•552 

•662 

•726 

1-65 

•166 

•652 

•716 

•163 

•665 

•738 

1-60 

•167 

•655 

•723 

•175 

•669 

•741 

1-65 

•180 

•658 

•731 

•188 

•673 

•749 

1-60 

•195 

•662 

•739 

•204 

•677 

•769 

1*45 

•212 

•667 

•749 

•221 

•681 

•768 

1-40 

•231 

•672 

•760 

•241 

•687 

•780 

1-35 

•252 

•678 

•772 

•264 

•694 

•793 

1-30 

•278 

•685 

•786 

•291 

•701 

•808 

1-25 

•807 

•693 

•808 

•822 

•709 

•825 

1-20 

•842 

-702 

•821 

•859 

•719 

•845 

115 

•384 

•713 

•843 

•404 

•731 

•868 

110 

•436 

•726 

•868 

•459 

•745 

-896 

1-06 

•499 

-742 

•898 

•527 

•763 

-928 

1-00 

•580            ^762      1 

•936 

•616 

•784            -969     1 

See  the  ausEiUaiy  tia>leB,  pp.  104, 108.  and  111. 
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TABLE  r.—Co^ffMeni9  <f  Dimfhtry«  for  iifmnt  BoOm  qf  the  Ckamtel  to  the 
OrMM.~M  aan  Coeffident  028.  Ooeffidenti  for  beads  in  still  water  -628  and 
*639.    See  equations  (44)  and  (44a)  and  tlie  observations  tbereon  at  pi  99. 


Goeflleient  628  for  beads  in 

Goettdent  -099  for  beads  In        | 

Raftto 

BtUl  water. 

stiU  water. 

of  the 

Ratio  of 

Coefficients  Ooe 

fflcisnts 

Ratio  of 

CoeiB  dents 

Coeflictents 

w>ia»t<%^l 

thebeigbt 
due  totbe 

for  oriflcAS  *    fat 

■  vtmIvk  * 

tbe  bdffbt 
doe  to  tbe 

f nr  nriflf^M  * 

for  weirs : 

totbe 

tbe  beads     tlu 

B  beads 

tbe  beads 

a^#a     »*  ^#^a  ^  • 

tbe  beads 

oriiioe. 

▼elodty  of 

measured     m< 

sasored 

Telodty  of 

measured 

measured 

anproaeb 
totbe  bead. 

totbe          t 
centres.         <3 

hefoU 
leptb. 

apnroacb 
to  tbe  bead. 

totbe 
centres. 

tbefuU 
deptb. 

80- 

•000 

•628 

■628 

•000 

•639 

•639 

20- 

•001 

•628 

-629 

•001 

•639 

•640 

15- 

•002 

•629 

•630 

•002 

•640 

•641 

10- 

•004 

•629 

'632 

•004 

•640 

•643 

90 

•005 

•630 

■632 

•005 

•641 

•644 

8-0 

•006 

•630 

■634 

•006 

•641 

•645 

7  0 

•008 

•681 

■635 

•008 

•642 

•647 

6  0 

•Oil 

•631 

•638 

•Oil 

•643 

•649 

5-5 

•013 

•632 

■640 

•014 

•648 

•651 

50 

•016 

•633 

•642 

•017 

•644 

•654 

4-5 

•020 

•634 

•646 

•021 

•646 

•657 

40 

•026 

•686 

-649 

•026 

•647 

•662 

875 

•029 

•637 

-662 

•080 

•648 

•666 

8-50 

•033 

•638 

-666 

•084 

•650 

•668 

8*25 

•039 

•639 

659 

•040 

•652 

•678 

8  0 

•046 

•642 

666 

•048 

•654 

•678 

2-75 

•055 

-645 

•672 

•057 

•657 

•686 

2-50 

•067 

•649 

682 

•070 

•661 

•695 

2-25 

•084 

•654 

-694 

•088 

•666 

•708 

20 

•109 

•661 

711 

•114 

•674 

•727 

1-95 

•116 

•668 

715 

•120 

•676 

•781 

1-90 

•123 

•665 

720 

•128 

•679 

•786 

1-85 

•130 

•668 

725 

•185 

•681 

•741 

1-80 

•139 

•670 

'731 

•144 

•684 

•747 

1-75 

•148 

•673 

•737 

•154 

•686 

•768 

1-70 

•158 

•676 

748 

•165 

•690 

•760 

1*65 

•169 

•679 

'760 

•176 

•693 

•768 

1*60 

•182 

•688 

■758 

•190 

•697 

•776 

1-55 

•196 

•687 

"767 

•205 

•701 

•786 

1-50 

•218 

•692 

777 

•222 

•706 

•796 

1-45 

•231 

•697 

•788 

•241 

•712 

•808 

1-40 

•252 

•703 

-800 

•262 

•718 

•820 

1-85 

•276 

•709 

-814 

•289 

•725 

•886 

1-80 

•304 

•717 

-880 

•819 

•784 

•868 

1-25 

•838 

•726 

846 

-864 

•748 

•872 

1-20 

•877 

•734 

866 

•896 

•755 

•895 

115 

•425 

•750 

-894 

•447 

•769 

•921 

110 

•484 

•765 

924 

-509 

•785 

•958 

106 

•667 

•784 

959 

•688 

•806 

•991 

100 

•661 

•807         1 

002 

•690 

•881 

1088 

Bm  tba  MiziUaiy  tkbloa,  ppi  104, 106,  and  UL 


458 


THE  DISCHARGE  OF  WATER  FROM 


TABLE  V.—Co^ffleinU  qf  Duehaiye  for  d^erext  Hatio*  of  ike  Ckamna  U  Oe 
Orj^.~CoefficientB  for  heads  in  still  water  '650  and  IJeT.  See  equations  (44) 
and  (44a)  and  the  obeeirations  thereon  at  p.  99. 


Coefficient  '660  for  heads  in        I 

Coefficient  tfff  for  heads  in         | 

BtiU  water. 

Stillwater. 

Rfttin 

nttuu 

of  the 

Batloof 

Coefficients 

Coefficients 

Ratio  of 

Coefficients 

Coefficients 

channel 

the  hoisfht 

for  orifices : 

for  weirs: 

the  height 

for  orifices : 

for  wein : 

to  the 

due  to  the 

the  heads 

the  heads 

due  to  the 

the  heads 

the  heads 

orifice. 

velocity  of 

measured 

measured 

velocity  of 

measured 

measured 

approach 

to  the 

the  full 

approach 

to  the 

thefnU 

to  the  head. 

centres. 

depth. 

to  the  head. 

centres. 

depth. 

30- 

•000 

•650 

•660 

•000 

•667 

•667 

20- 

•001 

•650 

•661 

•001 

•667 

•668 

16- 

•002 

•651 

•662 

•002 

•667 

•669 

10- 

•004 

•661 

•654 

•004 

•668 

•671 

9- 

•006 

•662 

•656 

•006 

•669 

•672 

8- 

•007 

•662 

•656 

•007 

•669 

•678 

7-0 

•009 

•663 

•668 

•009 

•670 

•676 

6  0 

•012 

•654 

•661 

•012 

•671 

•678 

5-5 

•014 

•656 

•668 

•016 

•672 

•680 

5-0 

•017 

•666 

•665 

•018 

•678 

•682 

4-5 

•021 

•667 

•669 

•022 

'     -674 

•687 

4-0 

•027 

•659 

•674 

•029 

•676 

•692 

3-75 

•031 

•660 

•677 

•033 

•678 

•696 

3-50 

•086 

•662 

•681 

•088 

•679 

•700 

3-25 

•042 

•663 

•686 

•044 

•681 

•706 

3  0 

•049 

•666 

•692 

•052 

•684 

•711 

2-75 

•059 

•669 

•699 

•062 

•687 

•720 

2-50 

•073 

•673 

•709 

•077 

•692 

•781 

2-26 

•091 

•679 

•723 

•096 

•698 

•746 

20 

•118 

•687 

•742 

•125 

•707 

•766 

1-95 

•126 

•689 

•747 

•132 

•709 

•771 

1-90 

■133 

•692 

•752 

•140 

•712 

•777 

1-86 

•141 

•694 

•768 

•149 

•715 

•788 

1-80 

•160 

•697 

•764 

•169 

•718 

•790 

1-76 

•160 

•700 

•771 

•170 

•721 

•797 

1-70 

•172 

•704 

•779 

•182 

•725 

•806 

1-65 

•184 

•707 

•786 

•195 

•729 

•814 

1-60 

•198 

•711 

•796 

•210 

•788 

•823 

1-55 

•218 

•716 

•806 

•227 

•788 

•838 

1-60 

•281 

•721 

•816 

•246 

•744 

•846 

1-45 

•261 

•727 

•828 

•268 

•761 

•859 

1-40 

■276 

•734 

■842 

•298 

•768 

•874 

1-36 

■302 

•742 

■858 

'822 

•764 

•888 

1-30 

•383 

•751 

•876 

•866 

•776 

•911 

1-26 

•371 

•761 

•896 

•898 

•788 

•934 

1-20 

•416 

•778 

•920 

•446 

•802 

•961 

115 

•469 

•788 

•949 

•506 

•818 

•992 

1-10 

•637 

•806 

•983 

•580 

•888 

1080 

1-05 

•621 

•828 

1^024 

•675 

•868 

1076 

1-00 

•782 

•855 

1^074 

•800 

•894 

1138 

Bee  the  auziliazy  tables,  pp.  104, 106,  and  111. 


ORIFICES,   WEIRS,  PIPES,  AND  RIVERS. 
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TABLE  r.—Oo^ffUienU  qf  Diaehargg  for  d^ermt  Ratio*  qf  iko  Ckaniul  to  tko 
Ori^.— Coefficients  for  heads  in  still  water  V^  s  TOTl  and  1.  Bee  equa- 
tions (44}  and  (44a)  and  the  observations  thereon  at  pp.  98  and  99. 


Coefficient  1  -000  for  heads  in  still    1 

Coefficient  '707  for  heads  In 
stiU  water. 

water,  and: 

multipliers  of  c^  in  equa- 

Ratio 
of  tho 

tlons(45a)and(46a>, 

which  see. 

Ratio  of     Coefficients 

Coefficients 

Ratio  of 

Coeffidents 

Coefficients 

^^Aca  1 1  a*  va 

to  the 

tho  height  for 

orifices: 

for  weirs : 

the  height 

for  orifloee : 

for  weirs : 

v^'    vaa«^ 

orificfi 

due  to  the     th 

e  heads 

the  heads 

due  to  the 

the  heads 

the  heads 

\^M  A  AA^%/  a 

Velocity  of     m( 

M8ur«d 

measured 

velocity  of 

measured 

measured 

approach         1 

K>the 

theAiU 

approach 

to  the 

thefuU 

to  the  head,     oc 

intres. 

depth. 

to  tho  head. 

centres. 

depth. 

30- 

•001 

707 

•708 

•001 

1-001 

1-002 

20- 

•001 

'708 

•708 

•008 

1001 

1-004 

la- 

•001 

708 

•709 

•005 

1002 

1006 

id- 

•005 

■709 

•712 

•010 

1-005 

1-014 

9- 

•006 

709 

•718 

•018 

1-006 

1017 

8- 

•008 

710 

•714 

•016 

1-008 

1-021 

7* 

•010 

711 

•717 

•021 

1010 

1-028 

t)- 

•014 

712 

•721 

•029 

1-014 

1-038 

5-6 

•017 

718 

•728 

•084 

1-017 

1-045 

5  0 

•020 

714 

•727 

•041 

1-021 

1065 

4-5 

•025 

716 

•781 

•052 

1026 

1-067 

4  0 

•082 

718 

•787 

•067 

1088 

1084 

3-76 

•087 

720 

•742 

•077 

1-088 

1096 

3-50 

,  -048 

722 

•747 

•089 

1044 

1-110 

3-25 

•050 

724 

•758 

•105 

1-051 

1-127 

3  00 

•059 

728 

•760 

•125 

1061 

1149 

2-75 

•071 

732 

•770 

•152 

1078 

1-178 

2-50 

•087 

737 

•788 

•190 

1091 

1-216 

2-25 

•110 

745 

•801 

•246 

1116 

1-269 

2  00 

•148 

756 

•826 

•883 

1-155 

1-847 

1-95 

•151 

759 

•882 

•856 

1165 

1-867 

1-90 

•161 

762 

•889 

•383 

1-176 

1-889 

1-85 

•171 

•765 

•846 

•412 

1-188 

1-418 

1-80 

•182 

■769 

•854 

•446 

1-208 

1-441 

1-76 

•195 

778 

•868 

•484 

1-218 

1-471 

1-70 

•209 

■778 

-878 

•529 

1-287 

1-505 

1-65 

•225 

788 

•888 

•579 

1-257 

1-543 

1-60 

•243 

■788 

•895 

•641 

1-281 

1-589 

1-55 

•263 

■795 

•908 

•711 

1-308 

1-638 

1-60 

•286 

802 

•928 

•800 

1-842 

1-699 

1-45 

•312 

810 

•989 

•903 

1-879 

1-767 

1-40 

•342 

819 

•958 

1042 

1-429 

1-854 

1-35 

•878 

-880 

•980 

1216 

1-489 

1-958 

1-80 

•     421 

842 

1-003 

1449 

1-565 

2-088 

1-25 

•471 

857 

1-088 

1-778 

1-667 

2-259 

1-20 

•582 

875 

1066 

2-278 

1-810 

2-499 

115 

•608 

897 

1107 

8-100 

2-025 

2-844 

110 

•704 

928 

1-155 

4-762 

2-400 

8-440 

105 

•880 

957 

1-216   . 

9-756 

3-280 

4-808 

1-00 

1  000         1  • 

000 

1-293 

infinite. 

infinite. 

infinite. 

8oo  tho  auxiliary  table,  p.  Ill,  also  pp.  112,  US. 
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THE  DISCHARGE  OF  WATER  FROM 


TABLE  VI.— The  DMuuf*  over  Wrin  or  Noitket  tf  one  foot  in  length,  in  Ot&»> 
feet  per  mtiiKfe.— Deptrui  ^  inoh  to  10  Incbet.  Orxatbr  cocmcnKTS  1307 
to  -617. —rA«  ^iormula  at  the  Keade  tf  tK«  Cobtmn*  mee  the  Valwe  ^  the 
Dieeharye,  JD,  t»  Cubie  feet  per  minute^  when  I,  the  length  <^  the  Wmt,  i»  taJken 

in  feet,  and  the  head,  h,  in  imehm.     litr  I  ^J?  $pe  mag  euhetUute  I  h>^  h,  retaining 
the  tame  etandarde. 


Heads 

fn 

Theoretioal 

Coefficient 

Ooeffioient 

Coefficient 

Coeffideat 

Coefficient 

dlschaxve, 

•667. 

•660. 

•6S0. 

•628. 

•617. 

JIU 

inches. 

D  = 

D  = 

D  = 

D  = 

D  = 

D  = 

7-72  I  Vh*. 

616  «-/*». 

6-02  I V  A*. 

41W  I  V*». 

4-65 1  Vk\ 

4-76  I  Vl?. 

•26 

•965 

•644 

-627 

•617 

•606 

•596 

•6 

2^730 

1^821 

1-775 

1-744 

1-714 

1-684 

•75 

6-016 

3  345 

8-260 

3-206 

8-150 

3  095 

1- 

7-722 

6  151 

5-019 

4-934 

4-849 

4-764 

1-25 

10792 

7-198 

7-015 

6-896 

6-777 

6-659 

1-5 

14-186 

9-462 

9-221 

9-066 

8-909 

8-758 

1-75 

17-877 

11-924 

11-620 

11-423 

11-227 

11-030 

2- 

21  -842 

14-569 

14-197 

13-957 

13-717 

13-477 

2-25 

26-062 

17-883 

16-940 

16-654 

16-367 

16-080 

2-5 

80-524 

20-360 

19-841 

19-605 

19-169 

18-833 

2-76 

35-215 

23-489 

22-890 

22-503 

22-115 

21  -728 

8- 

40  125 

26-763 

26-081 

25-640 

25-199 

24*757 

8-25 

45*244 

30-178 

29-408 

28-911 

28-413 

27-916 

8-6 

60-563 

33-726 

32-866 

82-310 

31  -754 

31^197 

8-76 

56-077 

37-403 

86-450 

35-833 

35-216 

34^599 

4- 

61-777 

41-205 

40-155 

89-476 

38-796 

88^116 

4-25 

67-658 

45-128 

48-978 

43-233 

42-489 

41  745 

4^5 

78-714 

49-167 

47-914 

47-103 

46-292 

45  482 

4-75 

79-942 

53-821 

51-962 

51-083 

60-203 

49*324 

6- 

86-335 

57-585 

56-118 

56-168 

64-218 

53  269 

5-25 

92-891 

61-958 

60-879 

69-357 

68-335 

57  314 

6^6 

99-604 

66-436 

64-743 

63-647 

62-561 

61-456 

6-76 

106-472 

71-017 

69-207 

68-036 

66-864 

66-693 

6^ 

118-491 

75-698 

73-769 

72-621 

71  -272 

70-024 

6-25 

120-657 

80-478 

78-427 

77-100 

75-772 

74-445 

6^6 

127-969 

85 -355 

83-180 

81-772 

80-365 

78-957 

6-76 

135-422 

90-326 

88-024 

86-535 

85*045 

83-555 

7- 

143-015 

95-391 

92-960 

91-887 

89-813 

88-240 

7-25 

160-744 

100-646 

97-988 

96-825 

94-667 

93^009 

7-5 

158-608 

105-792 

103-095 

101-860 

99-606 

97-861 

7-76 

166-604 

111-125 

108-292 

106-460 

104-627 

102-795 

8- 

174-731 

116-546 

113  ^575 

111-658 

109-731 

107-809 

8-25 

182-984 

122-051 

118-940 

116-927 

114-914 

112-901 

8-6 

191  -365 

127*640 

124^387 

122-282 

120-177 

118-072 

8-76 

199-869 

133 -313 

129-916 

127-716 

125-518 

128-819 

9- 

208-496 

139-067 

135  522 

183-229 

180-985 

128-642 

9  25 

217-243 

144-901 

141-207 

138-818 

186-428 

134-089 

9-5 

226-111 

150-816 

146-972 

144-486 

141-997 

139-510 

9-76 

285-093 

156-807 

152-810 

150-226 

147-689 

145*053 

10- 

244-193 

162-877 

158-725 

166*089 

163-363 

150-666 

Bee  pp.  114  to  188. 


ORIFICES,    WEIRS,  PIPES,  AND  RIVERS. 


461 


TABLE  ri.—The  Duckargt  octr  Wein  or  NoUkea  qf  oms  fooHm  Ungth,  in  OiMe 

ffet  per  ««ii»fe.— Depths  10-25  incbM  to  32  incbea.    Obeatbb  cosmcoirra 

Wlo  -fllT.-T**  Jbfmiito  at  the  head$  qf  the  Colmmu  giee  the  Value  of  the 

Dtecharye,  D,  m  Cubie  feet  per  minute,  when  I,  the  Ungtk  qf  the  Weir,  w  take* 

imftet,  amd  the  head,  h,i»iMehee.    For  I  ^  we  mag  embetiiuU  I  h>/li,  retaiming 
the  eame  etandarde. 


Heads 

in 
inchos. 


Theoretical 

discharge, 

D  = 

7-72  I  Vj?. 


10-25 

10-5 

10-75 

11- 

11-25 

11-5 

11-75 

12- 

12-5 

IS- 

IS-5 

14- 

14-5 

15- 

15-5 

16- 

16-5 

17- 

17-5 

IS- 

IS-5 

19- 

19-5 

20- 

20-5 

21- 

21-5 

22- 

22-5 

28- 

28-5 

24- 

25- 

26- 

27- 

28- 

29- 

SC- 

SI- 

82- 

253-407 
262-734 
272173 
281-728 
291-882 
801-148 
811024 
821- 
841-275 
861  -950 
888*081 
404-507 
426-868 
448-611 
471-228 
494-212 
517-558 
541  -261 
565-815 
589-715 
614-448 
689-588 
664-944 
690-682 
716-787 
748125 
769-828 
796-882 
824*151 
851-775 
879-700 
907-925 
965*258 
1028-748 
1083-875 
1144-116 
1205-950 
1268-864 
1832-888 
1897-842 


Ck>efficient 
-667. 
D  = 

616  I  vO?. 


169-028 
175*244 
181*450 
187-909 
194-852 
200-866 
207-451 
214-107 
227-628 
241  -421 
255-482 
269*806 
284*887 
299*228 
814-809 
829*689 
845-211 
861-021 
877-065 
893-340 
409-838 
426-569 
443-518 
460-685 
478-064 
495-664 
618-472 
681-487 
649-709 
668-184 
686-760 
605-586 
648-824 
682-840 
722-611 
768-126 
804-369 
846-882 
889-000 
982-861 


CoefflJdent 
•660. 
D  = 

602  I V)?. 


164-715 
170-777 
176-918 
188-120 
189-898 
195-746 
202*164 
208-660 
221*826 
285-268 
248-970 
262-980 
277-189 
291-597 
806-298 
821-288 
886*418 
851*820 
867-455 
888-315 
399-888 
415-696 
432-214 
448-948 
465-879 
488-081 
600*885 
617*941 
535*698 
658-654 
671-805 
690-161 
627*414 
666-486 
704-194 
743-676 
788-868 
824-762 
866-841 
908*597 


CoelBcie&t 
•689. 
D  = 

4-93  I  vT» 


161-927 
167-887 
178-919 
180-021 
186-198 
192-484 
198-743 
205-119 
218-072 
231  -286 
244-767 
258-480 
272-449 
286-662 
301-116 
315 -BOl 
880-720 
845*866 
861  286 
876-828 
392-629 
408-662 
424*899 
441-346 
467-995 
474-867 
491-917 
609-176 
526-682 
644-284 
662*128 
680  164 
616*797 
664*175 
692*277 
781*090 
770*602 
810*804 
861*680 
898*221 


Coefficient 
•628. 
D  =  _ 

4  •85  I  Vjki. 


159*140 
164*997 
170*926 
176*922 
182-988 
189-121 
195-321 
201  -688 
214-318 
227-305 
240-543 
254-030 
267-759 
281  -728 
295-931 
310-365 
326-026 
339-912 
866-018 
370*341 
386*870 
401  627 
417-685 
488-748 
460-111 
466-683 
488-449 
600-410 
617-667 
684-916 
652*452 
670-177 
606-179 
642-914 
680-860 
718-505 
767 -837 
796-847 
887-019 
877*845 


Coefficient 
•617. 
D  = 

4-76  I  VT» 


156*352 
162*107 
167*931 
173*828 
179*782 
185-808 
191*900 
198*057 
210-564 
223 '323 
236-380 
249-581 
263*069 
276*798 
290*748 
304*929 
319-388 
333-958 
848-799 
868-854 
879-111 
394-592 
410-270 
426-151 
442-227 
468-508 
474-981 
491-645 
608-501 
625-546 
642*776 
660-190 
695-561 
631-653 
668-442 
706-920 
744071 
782-889 
822-868 
862-469 


Sm  pp.  114  to  138. 
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THE  DISCHARGE  OF  IF  A  TEE  FROM 


TABLE  VL—Tk0  Ditekarge  over  Weirt  or  Xalekea  qf  one  foot  in  lengthy  in  Cubic 
feet  per  mmmie.^DffpQiB  83  inchM  to  72  Inches.  G&bater  ooBmciENTB 
t»7  to  -617.— The  JPhrmula  at  the  keade  </  the  Colwmm  give  the  Vahu  ftf  ike 
Dieekmye,  D,  m  Cubie  feet  per  vtinuie,  wken  I,  the  length  of  the  Weir,  ie  taken 
infeet,  and  the  head,  h,  m  inehee.  Jbr  I  ^  we  mag  eubetitnte  Ih^^  retaining 
the  eame  etandard*. 


Heads 

in 
inches. 


83 
84 
85 
86 
87 
88 
89 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
61 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
68 
64 
65 
66 
67 
68 
69 
70 
71 
72 


Theoretical 

diachaige, 

D  = 

7-72  I V^. 


1468-875 

1580-917 

1598-951 

1667  '964 

1787-948 

1808-875 

1880-746 

1958-544 

2027-258 

2101  -876 

2177-887 

2253-788 

2381  -052 

2409-183 

2488-170 

2568- 

2648-666 

2730-160 

2812-474 

2896-597 

2979*625 

8064-268 

3149-766 

8236-060 

8828-117 

8410-946 

3499-642 

3688-889 

3678-984 

3769-826 

3861-393 

3963-694 

4046-720 

4140-465 

4234-922 

4330-086 

4425-954 

4622-616 

4619-774 

4717-718 


Coefficient 
•667. 

D  BI 

615  I  /M. 


976-405 
1021  -122 
1066-600 
1112'632 
1169-208 
1206-520 
1264-468 
1803-014 
1362-181 
1401-961 
1462-817 
1603 -273 
1564-812 
1606-926 
1659-609 
1712-866 
1766-660 
1821-021 
1876*920 
1931  -363 
1987-343 
2043-867 
2100-887 
2168-446 
2216*619 
2275  101 
2334196 
2398-789 
2453*882 
2514*473 
2575-549 
2637-114 
2699-162 
2761-690 
2824*693 
2888*167 
2952-111 
8016-518 
8081*389 
8146-718 


CoefBdent 
'650. 
D  = 

5-02  «vr» 


961  -619 
996*096 
1039-318 
1084-177 
1129*663 
1175*769 
1222*485 
1269*804 
1317-718 
1366*219 
1415*302 
1464*959 
1615*184 
1565-969 
1617-311 
1669-200 
1721-633 
1774-604 
1828-108 
1882  138 
1936-691 
1991*764 
2047-341 
2103-433 
2160-026 
2217  115 
2274-702 
2332-778 
2391  -840 
2460-386 
2609-905 
2669-901 
2630-368 
2691  -802 
2762-699 
2814-556 
2876-870 
2939-635 
3002-863 
3066*518 


C!oefBcient 
-639. 
D  = 

4-98  I  ViP. 


986-416 
978-266 
1021-730 
1065*829 
1110-646 
1165-871 
1201  -797 
1248-315 
1295-418 
1343-099 
1391  -350 
1440-167 
1489*542 
1639-468 
1589-941 
1640*962 
1692-498 
1744*672 
1797171 
1860*286 
1908*916 
1968-068 
2012-693 
2067-886 
2123-472 
2179-694 
2286-207 
2293-300 
2860-871 
2408-918 
2467-480 
2626*410 
2585-864 
2645-767 
2706*116 
2766*925 
2828-185 
2889*888 
2962-086 
3014-622 


CoeflScient 
•628. 
D  = 

4-85  I  Vjp. 


919*314 
961-416 
1004-141 
1047-481 
1091  -428 
1135-974 
1181-108 
1226*826 
1273-118 
1319-978 
1367-399 
1416-376 
1463-901 
1512-967 
1562-571 
1612-704 
1663-362 
1714-540 
1766-234 
1818-435 
1871-142 
1924-351 
1978-046 
2032-239 
2086-917 
2142*074 
2197-712 
2253-822 
2310-402 
2367-450 
2424-955 
2482-920 
2641  -340 
2600-212 
2659-581 
2719-294 
2779-499 
2840-140 
2901-218 
2962-727 


Coefficient 
•617. 

4-76  I  y^h*. ' 


908-211 
944-676 
986-653 
1029*134 
1072*311 
1116*076 
1160*420 
1206-337 
1250-818 
1296-857 
1343-448 
1890-584 
1438-269 
1486*466 
1636*201 
1684-466 
1634-227 
1684-509 
1735-296 
1786-683 
1888-867 
1890-644 
1943-399 
1996-643 
2060-363 
2104-654 
2169--217 
2214-344 
2269-933 
2325-982; 
2382-479 ; 
2439-429 
2496*826 
2554-667 
2612-947 
2671-663 
2780-814 
2790-392 
2850-401 
2910*832 


See  pp.  114  to  188. 
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TABLS  VI.— The  Diaekarw  ooer  Wtin  or  Notehe*  <f  <mefoa*  «•  length,  m  Cubic 
feet  per  wtmtte.— Deptna  I  inch  to  10  incbea.  Lcaua  ooBrnoinm  -600 
to  'bl8.— The  IbrwnUm  at  the  heada  qf  the  Colmmtu  aiee  the  Value  qf  the 
2>iaehiuye,  D,  inOubiefeH  per  mmuU,  wheu  I,  the  length  tf  the  We^,  u  taken 

infeet,amdthehead,h^inindke$.    ^or  I "/]?  we  tnageubetiiute  I  h^h,  retaining 


Coeffldent 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

Coefficient 

Heads 

•ew. 

'696. 

-684. 

-6«2. 

•640. 

•818. 

in 

D  = 

D  = 

D  = 

Db 

Da 

Ds 

iDchea. 

4-68 /v^. 

4-59  I  Vjp. 

4-61  ZVS?. 

4-84  «Vii. 

417«V*». 

4l^/'hK 

•26 

•585 

•574 

•664 

642 

•521 

■600 

•5 

1-654 

1-624 

1-604 

1*634 

1474 

1-414 

•75 

8-089 

2-986 

2*929 

2*819 

2^708 

2-698 

1- 

4-680 

4-596 

4-610 

4-840 

4-170 

4-000 

1-25 

6-540 

6-421 

6*803 

6-065 

6-828 

6-590 

1-5 

8-697 

8-441 

8-284 

7*973 

7-660 

7-348 

1-75 

10-883 

10-637 

10-440 

10-047 

9668 

9-260 

2' 

18-286 

12*996 

12-756 

12*275 

11-795 

11-314 

2-25 

15-794 

16-607 

15-220 

14-647 

14-073 

13-600 

2-5 

18-498 

18-162 

17-826 

17-156 

16-483 

16-811 

276 

21-340 

20*953 

20-556 

19*791 

19-016 

18-241 

8^ 

24-316 

23-874 

23*433 

22-660 

21-668 

20-785 

8-25 

27-418 

26-920 

26-422 

25-427 

24432 

23-436 

8*5 

30-641 

30*085 

29-529 

28*416 

27*304 

26192 

8-76 

83-982 

83-866 

32*749 

31*615 

30  281 

29-048 

4- 

37-437 

86-757 

36-078 

34*719 

38 -860 

32000 

4*26 

41001 

40-256 

89-512 

38-024 

86-635 

86  047 

4*5 

44-671 

43-860 

43-049 

41-427 

39*806 

88-184 

4-76 

48-445 

47-665 

46-686 

44*927 

48*169 

41-410 

5- 

62-319 

61-369 

50-420 

48*620 

46*621 

44-722 

5*26 

56-292 

56-270 

54-248 

62*206 

60*161 

48  117 

6-6 

60-860 

59-264 

58-169 

56*977 

68*786 

61-696 

5-76 

64-522 

63-861 

62180 

69 -837 

67*495 

66  163 

6- 

68-776 

67-627 

66-279 

63-782 

61*285 

68-788 

6*26 

73  118 

71-791 

70-464 

67*809 

65-155 

62-600 

65 

77-549 

76142 

74-784 

71-919 

69*103 

66-288 

6*75 

82-066 

80-576 

79086 

76107 

78*128 

70-149 

7- 

86-667 

85-094 

83*621 

80-874 

77*228 

74  082 

7-26 

91-851 

89-693 

88  034 

84-718 

81*402 

78-086 

7*5 

96-116 

94-372 

92-627 

89-188 

85-648 

82-169 

7-75 

100-962 

99*129 

97*297 

93-631 

89-966 

86-301 

8- 

105-887 

103-966 

102-043 

98  199 

94-355 

90-611 

8-25 

110-889 

108-876 

106*868 

102-887 

98*812 

94-786 

8-5 

115-967 

113-862 

111*757 

107-547 

108*337 

99-127 

8-76 

121  121 

118*922 

116*723 

112-326 

107-929 

103-532 

9- 

126-849 

124065 

121*762 

117176 

112-588 

108-001 

9-25 

131-649 

129-259 

126*870 

122-090 

117*311 

112-532 

9-5 

137-028 

134-536 

132*048 

127-074 

122*100 

117126 

9-76 

142-467 

139*881 

137*294 

132122 

126*950 

121-778 

10- 

147-991 

145*296 

142*609 

187-237 

131-864 

126-492 

See  pp.  114  to  188. 
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THE  DISCHARGE  OF  WATER  FROM 


TABLE  VL-^Ths  Diadutna  over  Wein  or  NoUhm  qf  ont  foot  in  length  fa  Cmiie 
feet  per  mtiuute. — Depths  10*25  incbM  to  SS  inches.  Lbsseb  coBrFiciENTS 
'606  to  blB.—Tke  Fbrmula  ai  ike  keade  qf  the  CoUmna  give  the  Value  qf  the 
Dieehaege,  D,  m  OtMe  feet  per  mmeUy  when.  I,  the  length  tf  the  Wenr,  w  taken 

infe^,  and  the  head,  h,  in  inehee.    For  I  v^  «m  mag  tnbetitvde  I  h  "^h,  retaining 
the  $ame  atandarde. 


Coefficient 

Coefficient 

Coefficient  iCoeffi«  lent 

Coefficient 

Coefficient 

Heads 

•606. 

-695. 

'584. 

•562. 

'540. 

•51& 

in 

D  = 

D  = 

D  = 

D  = 

D  = 

D  = 

inches. 

4  68  I  Vj?. 

4-59  I V'**. 

4-51  1  VT». 

4-84  I  Vas. 

4'17i^^*«. 

A  1^1^. 

10-26 

163-666 

160-777 

147-990 

142-416 

136-840 

131*266 

10-6 

169-217 

166-827 

158-487 

147-667 

141-876 

186-096 

,  10-76 

164-937 

161-94S 

158-949 

152-961 

146-974 

140-986 

11- 

170-724 

167-626 

164-526 

158-328 

152-130 

145-988 

11-26 

176-577 

173-372 

170-167 

163  766 

157-346 

150-936 

11-6 

182-496 

179-183 

175-870 

169-246 

162-620 

155-995 

11-76 

188-479 

186-059 

181-636 

174-794 

167-952 

161*109 

12- 

194-526 

190-995 

187-464 

180-402 

173-840 

166*278 

12-6 

206-810 

203-066 

199*802 

191-794 

184-286 

176*778 

13- 

219-342 

216-360 

211-379 

203-415 

195-463 

187-490 

18-5 

232117 

227-908 

223-690 

215-268 

206-887 

198-410 

14- 

246-131 

240-682 

236-232 

227-883 

218*434 

209-685 

ll4-6 

258-879 

253-689 

248-999 

239-619 

230-239 

220-869 

15- 

271  -858 

266-924 

261-989 

252119 

242-250 

232-380 

16-6 

285-564 

280-381 

275-197 

264-830 

264-468 

244-096 

16- 

299-492 

294-066 

288-620 

277-747 

266-876 

266-001 

16-6 

313-640 

307-947 

302-253 

290-868 

279-481 

268-096 

17- 

328  004 

322-050 

816  096 

804-189 

292-281 

280-S78 

17-6 

342-581 

336-862 

330  144 

317-707 

805-270 

292-888 

IS- 

357-867 

350-880 

844-394 

331  -420 

318-446 

306-472 

IS -6 

372-362 

365-594 

358-836 

845-317 

831-799 

818-241 

19- 

387-557 

380-622 

373-487 

859-418 

845-848 

331-278 

19-6 

402-956 

396-642 

388-327 

373-699 

359-070 

844-441 

20- 

418-653 

410-959 

408-358 

388*163 

372-968 

857-778 

20-5 

434-343 

426-458 

418-674 

402-806 

387-088 

871*270 

21- 

450-334 

442-159 

438-986 

417-636 

401-288 

384*989 

21-6 

466-513 

458-046 

449-577 

432 '641 

415-704 

398-768 

22- 

482-880 

474-115 

465-860 

447-819 

430-289 

412-769 

22-5 

499-436 

490-370 

481-304 

463  173 

445-042 

426*910 

28- 

517-176 

506-806 

497-437 

478-698 

459-959 

441  -219 

28-6 

633-098 

523-421 

613-745 

494-391 

475-088 

456-685 

24- 

550-203 

640-216 

530-228 

510-254 

490-280 

470-806 

26- 

584-943 

574-326 

663-708 

542-472 

621-287 

500-001 

26- 

620-391 

609-130 

697*869 

576-84& 

552-824 

530-801 

27- 

656-525 

644-608 

632-691 

608-857 

585  023 

561-188 

2S- 

693-334 

680-749 

668-164 

642-993 

617-823 

692-662 

29- 

730-806 

717-540 

704-276 

677-744 

651-218 

624-682 

SC- 

768-932 

754-974 

741*017 

713102 

685-187 

667*272 

SI- 

807-697 

793  086 

778-374 

749  052 

719-730 

690*407 

82' 

847-092 

831-716 

816-340 

785-587 

764*885 

724-082 

S«e  pp.  114  to  188. 
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TABLE  ri.—Ths  Ditekarye  over  Wein  or  IToiekn  </  one  foot  in  lenfftk,  in  Cnbic 
feet  per  wtintic.— Deptha  88  inchM  to  72  Inches.  Lesser  CoBrnoiENra 
<06  Jo  •618.-7^  Formulm  ai  the  heada  qf  the  Colmmne  aive  the  Value  </ 
the  Dteeharge,  D,  in  Cubie  feet  per  mtntOe,  when  <»  the  length  qf  the  Weir.le 

taken  in  feet,  and  the  head,  h,  in  imdkee.    :Fbr  I VJ?  we  mav  eubetUuU  I  h '^^  h, 
retaining  the  eame  ttandarde. 


Heads 
In 


88 
84 
85 
86 
87 
88 
89 
40 
41 
42 
48 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
68 
64 
65 
66 
67 
68 
69 
70 
71 
72 


Coefficient 

•we. 

D  = 

4-68  I  V^. 


887  108 
927  -736 
968-964 
1010-786 
1053  198 
1096-178 
1139782 
1188-848 
1228-518 
1278-737 
1819-497 
1866-792 
1412-618 
1459-965 
1507-881 
1556-208 
1605  092 
1654-477 
1704-859 
1754782 
1805-592 
1856-987 
1908-751 
1961-046 
2018-809 
2067-088 
2120722 
2174-867 
2229-464 
2284-514 
2840-004 
2895-989 
2452-312 
2509-122 
2566-868 
2624  082 
2682  128 
2740-645 
2799-588 
2858-987 


Coefficient 
•fiOS. 
D  ^ 

4M  I V^. 


871  -006 
910-896 
951-876 
992*489 
1034  076 
1076-281 
1119044 
1162-359 
1206-219 
1250-616 
1295-545 
1841  -001 
1886-976 
1483-464 
1480-461 
1527-960 
1575-956 
1624*445 
1673-422 
1722-880 
1772-817 
1828-231 
1874-104 
1925-450 
1977-255 
2029*513 
2082-227 
2135-389 
2188*995 
2248*046 
2297-529 
2352-448 
2407798 
2468*577 
2519-779 
2676-401 
2688-448 
2690*897 
2748766 
2807*042 


Coefficient 
-584. 
D  = 

4-611 VT^- 


854*903 
894-056 
933787 
974  091 
1014*959 
1066-883 
1098-356 
1140-870 
1188-919 
1227-496 
1271-594 
1316*209 
1361*334 
1406-963 
1453*091 
1499712 
1546-821 
1594-418 
1642-485 
1691029 
1740-043 
1789-524 
1839-467 
1889-853 
1940700 
1991-992 
2048-733 
2095-911 
2148-527 
2201  -578 
2256-054 
2808*957 
2863-284 
2418-082 
2473-194 
2528770 
2584767 
2641  -149 
2697-948 
2766147 


Coefficient 

'662. 

D  = 
4-84  ZV^s. 


822-698 
860-876 
898-610 
937-396 
976724 
1016-588 
1056-979 
1097-892 
1139-319 
1181-254 
1228*691 
1266-626 
1310-061 
1358-961 
1398-352 
1443-216 
1488-550 
1584-350 
1680*610 
1627-826 
1674-493 
1722110 
1770  162 
1818*660 
1867-592 
1916*952 
1966-743 
2016-956 
2067-689 
2118-642; 
2170-103 
2221  -976 
2274*257 
2326-941 
2880-026 
2438-508 
2487-386 
2541  '664 
2696-813 
2651*358 


Coefficient 
-540. 
D  = 

417  I  -/]?. 


790-498 
826-695 
863-434 
900701 
938-489 
976793 
1015-603 
1064-914 
1094719 
1186013 
1176-789 
1217-043 
1268-768 
1300-959 
1343-612 
1386720 
1430-280 
1474-286 
1518-736 
1563-622 
1608-944 
1654-697 
1700-868 
1747-467 
1794-483 
1841-911 
1889763 
1938-000 
1986-651 
2086-706 
2085-152 
2134-995 
2185-229 
2235-861 
2286-858 
2888-246 
2390-016 
2442-169 
2494-678 
2547*568 


Coefficient 
■618 

Al^*. 


758-287 
793*015 
828-257 
864-006 
900-254 
936-997 
974-226 
1011-986 
1050-120 
1088772 
1127*886 
1167-460 
1207-485 
1247-957 
1288-872 
1330-224 
1372-009 
1414-223 
1466-862 
1499-919 
1543-394 
1587-283 
1631-573 
1676-274 
1721-375 
1766-870 
1812-763 
1859-046 
1905714 
1962-769 
2000-202 
2048-013 
2096-201 
2144-761 
2193-690 
2242*985 
2292-644 
2342-663 
2898-043 
2443-778 


Bee  pp.  114  to  188. 
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THE  DISCHABGE  OF  WATER  FROM 


TABLE  Vn.—F^  fining  the  Xeam  VOoeiiM  from  the  Maximmm  VdoeUy  at  iir 
Sutface,  in  Mill  Saeet,  8trwim$t  and  Bvoen  wUk  WH^orm  CkamMb;  and  the 
MaxiammrdoeUy  from  the  Mean  VeloeUg.  ,^  ,    ^    , 

For  ibfi  Velocity  in  feet  per  minate,  multiply  by  6. 


1^ 


II 


s 


1 

■84 

2 

1-67 

S 

2-51 

4 

8-84 

5 

4-18 

6 

5-01 

7 

5*85 

8 

6-68 

9 

7-62 

10 

8-85 

11 

9  19 

12 

10-02 

13 

10-86 

14 

11-69 

15 

12-53 

16 

13-86 

17 

14-20 

18 

15-08 

19 

16-87 

20 

16-70 

21 

17-54 

22 

18-37 

28 

19-21 

24 

20-04 

25 

20-88 

26 

21-71 

27 

22-55 

28 

23-88 

29 

24-22 

30 

25-05 

81 

25-89 

32 

26-72 

88 

27-56 

84 

28-39 

85 

29-23 

86 

30-06 

87 

80-90 

38 

31-73 

89 

32-57 

40 

33-40 

•75 

1-51 

2-27 

3-04 

3-81 

4-58 

5-86 

6-14 

6-92 

7-71 

8-50 

9-29 

10-09 

10-88 

11-69 

12-49 

18-80 

14-11 

14-92 

15-78 

16-55 

17-87 

18-19 

19-02 

19-85 

20-68 

21-51 

22-34 

23-18 

24-02 

24-86 

25-70 

26-54 

27-89 

28-24 

29-09 

29-94 

80-79 

31-65 

32-51 


41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
76 
76 
77 
78 
79 
80 


fl  d-d 


34-24 
35-07 
35-91 
36-74 
37-58 
38-41 
39-25 
40-08 
40-92 
41-75 
42-59 
43-42 
44-26 
45-09 
45-93 
46-76 
47-60 
48-43 
49-27 
50-10 
50-94 
51-77 
52-61 
53-44 
64-28 
55-11 
55-95 
56-78 
67-62 
58-46 
59-29 
60-12 
60-96 
61-79 
62-63 
63-46 
64-80 
65-13 
65-97 
66*80 


33-87 
84-23 
35-09 
36-96 
36-82 
37.-69 
38*66 
39-43 
40-30 
41-17 
42-06 
42-92 
43-80 
44-68 
45*56 
46-44 
47*32 
48-21 
49-09 
49-98 
50-87 
51-76 
52-65 
53-64 
64-43 
55-33 
66-22 
67-12 
58-02 
68-91 
59-81 
60-71 
61-61 
62-62 
68-42 
64-82 
66-28 
66-18 
67-04 
67-96 


81 

82 

88 

84 

86 

86 

87 

88 

89 

90 

91 

92 

98 

94 

96 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 


ssi 


67-64 
68-47 
69-31 
70-14 
70-98 
71-81 
72*65 
73*48 
74*32 
75-16 
75*99 
76*82 
77-66 
78-49 
79-83 
80-16 
81*00 
81-83 
82*67 
83*50 
84*34 
85*17 
86-01 
86-84 
87*68 
88-51 
89*35 
90-18 
91-02 
91*86 
92-69 
93-52 
94-36 
95-19 
96-08 
96-86 
97-70 
98-53 
99-37 
100-20 


68-86 
69-77 
70-68 
71-69 
72-50 
73-42 
74-83 
75-24 
76-16 
77-08 
77-99 
78-91 
79-83 
80-75 
81*67 
82-59 
83-51 
84-43 
85-86 
86-28 
87-20 
88-13 
89-06 
89*98 
90-91 
91-84 
92-77 
93-69 
94-62 
95-55 
96*49 
97-42 
98*36 
99-28 
100-21 
101*15 
102*08 
103-02 
103-95 
104*89 


See  pp.  188  to  191. 
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TABLE  Vm.—Fwfindlma  ike  Mean  VeloeUiee  of  Water  JUwinff  m  IVfMC,  Dnbu, 
SUfeame,  and  Bkfen.—For  a  full  cylindrical  pipe,  divide  the  diameter  by  4  to 
find  the  hydraulic  mean  depth. 

<iffipe$\nuAto2inehea.    jnOle  per  mUelinOHoU  feet. 


Falls  per  mile  in  feet  and 

inches,  and  the 

hydraulic  inclinations. 

**  Hydraulic  mean  depths,"  or  "  mean  radii,** 
and  velocities  in  inches  per  second. 

Falls. 

Inclinations 
one  in 

A  inch. 

i  inch. 

iinch. 

finch. 

iinch. 

F.    I. 

0     1 

68860 

•14 

•24 

•88 

•49 

•57 

0    2 

81680 

•22 

•87 

•59 

•76 

•90 

0    8 

21120 

•28 

•48 

•75 

•97 

115 

0    4 

15840 

•84 

•57 

•89 

1^15 

1-36 

0    5 

12672 

•38 

•65 

1-02 

1^30 

1-55 

0    6 

10560 

•42 

•72 

118 

145 

172 

0    7 

9051 

•46 

•78 

1^24 

1^58 

1^88 

0    8 

7920 

•60 

•85  • 

1-33 

1^71 

2^02 

0    9 

7040 

•53 

•90 

143 

1-83 

2^16 

0  10 

6886 

•57 

•96 

1-61 

1-94 

2-30 

0  11 

5760 

•60 

1-01 

1-60 

1^96 

2-42 

1    0 

5280 

•63 

1-06 

1-68 

2-16 

2*54 

1    3 

4224 

•71 

1^20 

1^90 

2*43 

2*88 

1    6 

8520 

•79 

133 

2-10 

2-69 

3*19 

1    9 

8017 

•87 

1^45 

2  29 

2*94 

8*48 

2    0 

2640 

•98 

1-56 

2-47 

8  16 

3*75 

2    8 

Interpolated. 

•99 

1-67 

2-63 

8*87 

3  99 

2    6 

2112 

105 

1-77 

2^79 

8*58 

4^24 

2    9 

Interpolated. 

1^11 

1^87 

2-94 

3*77 

4*47 

8    0 

1760 

116 

1-96 

8  09 

3-96 

4-69 

8    3 

Interpolated. 

1^21 

2^05 

3-28 

4*14 

4*91 

8    6 

1508 

1-26 

2^14 

8  37 

4*82 

6-12 

8    9 

Interpolated. 

1-81 

2^22 

3  50 

4*48 

5-31 

4    0 

1320 

1-86 

2-80 

3-68 

4*65 

5^51 

4    6 

Interpolated. 

1-45 

2  45 

3-87 

4*96 

6-88 

5    0 

1056 

154 

2-61 

4-11 

5*27 

6^24 

5    6 

Interpolated. 

1^62 

2-75 

4-38 

5*55 

6^58 

6    0 

880 

1^71 

2-89 

4-55 

5-83 

6  91 

6    6 

Interpolated. 
764 

1^78 

8-02 

4-76 

610 

7-22 

7    0 

1^86 

3-15 

4^97 

6*86 

7^64 

7    6 

Interpolated. 

1^93 

3-27 

5*16 

6^61 

,7-83 

8    0 

660 

2-01 

3^39 

5-85 

6  •86 

8^12 

8    6 

Interpolated. 

2-07 

8-51 

5-53 

7-09 

8^40 

9    0 

587 

2-14 

3-62 

5-72 

7-32 

8-68 

9    6 

Interpolated. 

2-20 

3-74 

5*89 

7  55 

8-94 

10    0 

528 

2*28 

8-86 

6-07 

7-77 

9*21 

10    6 

Interpolated. 

2-83 

8-95 

6  24 

7*99 

9*47 

11    0 

480 

2-40 

4-06 

6-40 

8*20 

9*72 

11    6 

Interpolated. 

2  46 

4-16 

6-67 

8*41 

9*97 

12    0 

440 

2-52 

4-27 

6  73 

8-62 

10-21 

bee  p.  206. 


H  H   2 
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TEE  DISCHARGE  OF  WATER  FROM 


TABLE  Vin.'^FvrJindiM  thtMtM  relceiHu<fWaitrihmnffi»     .    . 

Stream;  and  Sioen.—¥ar  ft  ftiU  cylindrical  pipe,  dinde  the  dlamet«r  by  4  to 
find  the  hydraulic  mean  depth. 

DiametentfpipeiliiuAtoiiHeksa.    JMU  per  mUe  19  fetHo62S0fiet. 


Falltfper  mile  in  feet,  and  the 

"  Hydraulic  mean  depths/*  or  "  mean  radii," 

hydraulic  inclination, 

and  velocltiea  in  inches  per  second. 

Falls. 

Indlnatlona 
one  in 

Ahich. 

iinch. 

Jinch. 

linch. 

i  inch. 

F. 

18-2 

400 

2-66 

4-50 

7-10 

9-10 

10-78 

18-6 

Inteipokted. 

2-71 

4-59 

7-24 

9-27 

10-98 

14-1 

875 

2-76 

4-67 

7-37 

9-44 

11-18 

14-6 

Interpolated. 

2-82 

4-76 

7-62 

9-68 

11-41 

16-1 

860 

1      2-87 

4-86 

7-66 

9-82 

11-63 

16-6 

Interpolated. 

2-94 

4-96 

7-88 

10-08 

11-88 

16-2 

826 

8-00 

6-07 

7-99 

10-24 

12-13 

17-6 

300 

314 

6-30 

8-87 

10-72 

12-70 

19-2 

276 

8-30 

6-68 

8-80 

11-27 

13-85 

21-1 

260 

3-48 

6-89 

9-89 

11-90 

14-10 

28-5 

226 

3-70 

6-26 

9-87 

12-65 

14-99 

26-4 

200 

3-96 

6-70 

10-67 

13-54 

16-04 

80-2 

176 

4-28 

7-24 

11-42 

14-63 

17-88 

85-2 

160 

4-68 

7-92 

12-49 

16-00 

18-96 

87-7 

140 

4-88 

8-24 

18-00 

16-66 

19-74 

42-2 

125 

6-21 

8-81 

13-90 

17-80 

21-09 

48- 

110 

6-62 

9-50 

14-98 

19-19 

22-74 

52-8 

100 

6-94 

10-05 

15-85 

20-30 

24-06 

58-7 

90 

6-88 

10-69 

16-87 

21-61 

25-60 

66- 

80 

6-78 

11-47 

18-10 

23-17 

27-46 

76-4 

70 

7-36 

12-42 

19*69 

25-09 

29-78 

88- 

60 

8-06 

13-61 

21-48 

27-51 

82-60 

105-6 

60 

8-99 

15-19 

28-96 

80-69 

36-87 

117-3 

46 

9-67 

16-18 

25-63 

82*70 

38-75 

182-0 

40 

10-28 

17-37 

27-41 

85-11 

41-60 

160-8 

36 

11-14 

18-84 

29*71 

38-06 

4510 

176- 

30 

12-28 

20-68 

32-62 

41-78 

49-61 

212-2 

26 

18-66 

28-09 

36-43 

46-67 

65-80 

264. 

20 

16-64 

26-44 

41-71 

63*48 

68-30 

852- 

16 

18-61 

81-46 

49-63      63-67 

76-33 

628- 

10 

28-78 

40-11 

68-28      81-06 

96-05 

686-7 

9 

26-26 

42-70 

67-37 

86*29 

102-25 

660- 

8 

27-08 

45-78 

72-22 

92-61 

109-61 

764-8 

7 

29-29 

49-61 

78-10 

100*04 

118-64 

880-0 

6 

82-05 

64  16 

86-43 

109-43 

129-66 

1066- 

6 

86-08 

60-16 

94-89 

121-64 

144*02 

1820- 

4 

40-40 

68-29 

107-73 

137-99 

163-61 

1760- 

8 

47-48 

80-26 

126-61 

162-17 

192-16 

2640- 

2 

69-47 

100-63 

158-59 

208-14 

240-70 

6280- 

1 

88*18 

148-97 

236-02 

801-04 

356-70 

Seep.  206, 
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TABLE  VIIL—F^  findma  i\»  Mmh  VeloeUiu  of  Water  flowing  in  P^,  DratM, 
8tr«am*t  and  Biven.—Var  a  full  cylindrical  pipe,  dlviae  the  diameter  by  i  to 
find  the  hydraulic  mean  depth. 

IKaiMiAv  <{^l»|Mf  8|  tseA«f  to  6  iiicA«a    JFiallt  per  wdU  I  imek  to  12  fid. 


Fills  per  mile  in  feet  and 

"Hydraulic  mean 

I  depths.** 

or  "mean 

radii," 

hydraulic 

f  aaai\*    waa^ 

inclinations.      i 

1 

and  relodties  In  inchea 

1  per  second. 

Falls. 

Indinatlons 
one  in 

{inch. 

linch. 

}inch. 

linch. 

liin.in- 
terpoUtod. 

F. 

I. 

0 

1 

68360 

•65 

•73 

•79 

•85 

•96 

0 

2 

81680 

1-02 

118 

1-23 

1-88 

1-49 

0 

3 

21120 

1-30 

1-45 

1-58 

1-70 

1-91 

0 

4 

15840 

1-54 

1-71 

1-87 

201 

2-26 

0 

5 

12672 

1-76 

1-95 

218 

2-29 

2-58 

0 

6 

10560 

1-95 

217 

2-36 

2-55 

2-86 

0 

7 

9051 

213 

2-37 

2-68 

2-78 

8-13 

0 

8 

7920 

2-30 

2-55 

2-78 

8  00 

3-37 

0 

9 

7040 

2-46 

2.73 

2-98 

3-21 

3-61 

0  10 

6336 

2-61 

2-90 

816 

3-40 

8-83 

0  11 

5760 

2-76 

3-06 

8-33 

8-59 

4-04 

1 

0 

5280 

2-89 

3-21 

8-50 

8-77 

4-24 

1 

3 

4224 

3*28 

3-64 

8-97 

4-27 

4-81 

1 

6 

8520 

3-63 

4  03 

4-89 

4-78 

5-82 

1 

9 

8017 

3*96 

4.39 

4-79 

616 

5-80 

2 

0 

2640 

4-26 

4-73 

516 

5-55 

6-25 

2 

3 

Interpolated. 

4-55 

5-04 

5-50 

5*92 

6-66 

2 

6 

2112 

4-88 

5-35 

5-84 

6-29 

7-07 

2 

9 

Interpolated. 

5-09 

5-64 

615 

6-12 

7-46 

8 

0 

1760 

5  34 

5-92 

6-46 

6-96 

7-88 

S 

3 

Interpolated. ; 

5-58 

6-19 

6-75 

7-27 

8-18 

3 

6 

1508 

5-82 

6-46 

7*04 

7-59 

8-58 

3 

9 

Interpolated. 

6  05 

6-71 

7-31 

7-88 

8-86 

4 

0 

1320       1 

6-27 

6*95 

7-58 

817 

9-19 

4 

6 

Interpolated. 

6-69 

7-42 

8-09 

8-71 

9-80 

5 

0 

1056 

7  10 

7-88 

8-59 

9-26 

10-41 

5 

6 

Interpolated. 

7-48 

8 '30 

9-05 

9-76 

10-97 

6 

0 

880 

7-86 

8-72 

9*51 

10-25 

11-58 

6 

6 

Interpolated. 

8-22 

912 

9.94 

10-71 

12-06 

7 

0 

754 

8-57 

9-51 

10-37 

1117 

12-57 

7 

6 

Interpolated. 

8-92 

9-89 

10-78 

11-62 

13-06 

8 

0 

660 

9-24 

10-25 

1118 

1204 

18-54 

8 

6 

Interpolated. 

9-55 

10-60 

11-56 

12-45 

14-01 

9 

0 

587 

9-87 

10-95 

11-94 

12-86 

14-47 

9 

6 

Interpolated. 

1018 

11-28 

12-31 

18-26 

14.91 

10 

0 

528       1 

10-48 

11-62 

12-67 

18-65 

15-36 

10 

6 

Interpolated. 

10-77 

11-95 

1808 

1408 

15-78 

11 

0 

480 

11  06 

12-27 

1838 

14-41 

16-21 

11 

6 

Interpolated. 

11-34 

12-58 

13-72 

14-82 

16-64 

12 

0 

440 

11-62 

12-89 

14  05 

15-22 

17-07 
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TABLE  VIU.-'ForfimdiMa  the  Mean  Veloei^  qf  Water  ilowmff  itt  Pipet,  Dmim»» 
Streamtf  and  Bieen. — For  a  full  cylindrical  pipe,  diTiae  the  diameter  b>  4  to 
find  the  hydraulic  moan  depth. 
J)%ametera<(fjnpe$i^im!he$to6imdM.    FaUe  per  wnUlZ  feet  ioiWi  feet. 


Falla  per  mile  in  feet  and 

inches,  and  the 

hydiuulic  innllnationa. 


FallB. 


F. 
13-2 
18-6 
141 
14-6 
16  1 
15-6 
16-2 
17-6 
19*2 
211 
28-5 
26-4 
30*2 
86-2 
87-7 
42-2 
48- 
62-8 
68-7 
66- 
76-4 
88-0 
105-6 
117-3 
182- 
150-8 
176- 
211-2 
264- 
352* 
528- 
686-7 
660- 
754-3 
880- 
1056- 
1820- 
1760- 
2640* 
5280- 


Inclinations 
one  in 


400 
Interpolated. 

375 
Interpolated. 

350 

Interpolated. 

825 

300 

275 

250 

225 

200 

175 

150 

140 

125 

110 

100 

90 

80 

70 

60 

50 

45 

40 

85 

80 

25 

20 

15 

10 

9 

8 

7 

6 

5 

4 

8 

2 

1 


*'  l^drauUo  mean  deptha,"  or  "mean  radii,' 
and  yelodtiea  in  inches  per  aeoond. 


{inch. 


12-26 
12-49 
12-72 
12-98 
13-23 
13-52 
13-80 
14-45 
15  19 
16-04 
17-05 
18-25 
19-71 
21-57 
22-45 
23-99 
25-87 
27-86 
29-12 
81-23 
33-82 
37-08 
41-37 
44*08 
47-32 
51-80 
56-32 
62-90 
72-01 
85-68 
109-26 
116-81 
124-68 
134-84 
147-69 
163-82 
185-99 
218-58 
278-79 
405-74 


f  inoh. 


13-60 
13-86 
14-11 
14-89 
14-68 
14-99 
15-81 
16-02 
16-85 
17-80 
18-91 
20-24 
21-87 
23-92 
24-91 
26-62 
28-69 
30-35 
32-31 
34-64 
37-51 
4113 
45-78 
48-89 
52-49 
66-90 
62-47 
69-77 
79-87 
95-05 
121-19 
129-01 
188-80 
149-67 
163-60 
181-71 
206-81 
242-46 
308-70 
460-07 


{inch. 


14*88 
1611 
16-39 
16-70 
16-00 
16-35 
16-79 
17-48 
18-87 
19-40 
20-62 
22-07 
23-85 
26-09 
27-16 
29-03 
31-29 
33-10 
85-23 
37-78 
40-91 
44-86 
50-04 
53-32 
57-25 
62-06 
68-18 
76-09 
87-11 
103-66 
132-17 
140-70 
150-88 
16312 
178-42 
198-17 
225-00 
264-42 
331-22 
490-84 


linch. 


15-98 
16-28 
.16-58 
16-91 
17-24 
17-62 
17*99 
18-88 
19-79 
20-91 
22-21 
23-78 
25-69 
28-11 
29-26 
31-27 
83-71 
36-66 
87-96 
40-70 
44  07 
48-33 
63*91 
67-44 
61-67 
66-86 
73-40 
81-97 
93-84 
111-67 
14289 
161-58 
162-49 
175-73 
192-22 
213-60 
242-39 
284-86 
356-82 
528-76 


Uin.in- 
torxxdated. 


17-98 
18-81 
18-65 
19-02 
19-40 
19-81 
20-23 
21-18 
22-26 
23-62 
24-99 
26*75 
2^-90 
81-62 
32-92 
35-18 
87-92 
4011 
42-69 
45-79 
49-58 
64-36 
60-65 
64-62 
69*87 
76-20 
82-56 
92-21 
105*66 
126-61 
160-17 
170-60 
182-78 
197-67 
216-22 
240-15 
272-66 
820*43 
401-37 
694*82 
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TABLJB  VJII.-'F^JImdima  ike  Mean  VeUteititi  qf  Water  Jloving  in  Pipe$,  Draim*, 
Stream*^  and  Biven.-'VQt  a  full  cylindrical  pipe,  divide  the  diameter  lij  4  to 
find  the  hydrauUo  mean  depth.  Opkv  draikb  avd  pipb. — Diameten  qr  P*?** 
6  intkm  to  12  %nt^t«9.    ndUper  mUe  1  imek  to  Ufoet, 


Falls  per  mile  in  feet  and 

inchea,  and  the 

hydraolic  indinationo. 

*'  Hydraulic  mean  doptha/'  or  "  mean 
and  yelocitiee  in  inches  per  second 

1."^" 

Falls. 

Incllnationa 
one  In 

liinnh, 

If  in.  in- 
terpolated. 

2inehea 

2iinches 

8  inches. 

F.     L 

0     1 

68860 

107 

1-15 

1-24 

1-40 

1*56 

0    2 

81680 

1-66 

1-80 

1-94 

2*19 

2-41 

0    8 

21120 

212 

2*80 

2-48 

2-80 

8*08 

0    4 

15840 

2-52 

2-78 

2-94 

3-84 

8-65 

0    5 

12672 

2-86 

8-11 

8-85 

8-77 

4-16 

0    6 

10560 

818 

3-45 

8-72 

4-19 

4-62 

0    7 

9051 

8-47 

8-77 

4-06 

4-58 

5  04 

0    8 

7920 

8-75 

4*06 

4-88 

4*94 

6-44 

0    9 

7040 

4  01 

4-84 

4-68 

6-28 

6-81 

0  10 

6886 

4-25 

4-61 

4-97 

5*60 

6*17 

0  11 

6760 

4-49 

4*86 

5-24 

6-91 

6-51 

1     0 

5280 

471 

511 

5-61 

6-21 

6*84 

1     8 

4224 

5-84 

5-79 

6*24 

7-08 

7*76 

1    6 

8520 

5-91 

6-41 

6*91 

7*79 

8-58 

1     9 

8017 

6-44 

6-99 

7-58 

8-49 

9-36 

2    0 

2640 

6-94 

7*58 

8  11 

9-14 

10-07 

2    8 

Interpolated. 

7*40 

8-08 

8-65 

9-74 

10-74 

2    6 

2112 

7-86 

8*52 

9-18 

10-86 

11-40 

2    9 

Interpolated. 

8-28 

8*98 

9-67 

10-90 

12-01 

8    0 

1760 

8-70 

9*48 

10-16 

11-45 

12-62 

8    8 

Interpolated. 

9-09 

9-85 

10-62 

11-97 

18-19 

8    6 

1508 

9-48 

10-28 

11-08 

12-48 

18-76 

8    9 

Interpolated. 

9-84 

10-67 

11-60 

12-96 

14-29 

4    0 

1820 

10-21 

11*07 

11-93 

18*44 

14-81 

4    6 

Interpolated. 

10-89 

11*80 

12-72 

14-84 

15-80 

6    0 

1056 

11-56 

12-54 

18-61 

15-28 

16-78 

5    6 

Interpolated. 

12-18 

18-21 

14-24 

16*04 

17-68 

6    0 

880 

12-80 

18*88 

14-96 

16*86 

18-58 

0    6 

Interpolated. 

18-88 

14-51 

15-64 

17-62 

19-42 

7    0 

754 

18-96 

1514 

16-82 

18-89 

20-26 

7    6 

Interpolated. 

14-51 

16-73 

16*95 

19-10 

2105 

8    0 

660 

15*05 

16-82 

17-58 

19-82 

21-84 

8    6 

Interpolated. 

15*56 

16-87 

18-18 

20*49 

22-68 

9    0 

587 

16*07 

17*48 

18-78 

21  17 

28*32 

9    6 

Interpolated. 

16.57 

17-97 

19*86 

21*82 

24-04 

10    0 

528 

17*06 

18-50 

19*94 

22-47 

24-76 

10    6 

Interpolated. 

17*54 

19-01 

20*49 

28-09 

26*45 

11     0 

480 

18-01 

19*68 

21-04 

28*72 

26  13 

11    6 

Interpolated. 

18-47 

20-02 

21-57 

24-82 

26-79 

12    0 

440 

18-92 

20-61 

22-11 

24-91 

27-45 
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TASLS  nH.—ForJtmUtw  the  Mean  VOoeUiM  qf  Water  Jhtwing  in  Pipe*,  Drain*, 
StreoMtf  and  Bieere.— For  a  ftill  cylindrical  pape,  dlTide  the  diameter  by  4  to 
find  the  hydraulic  mean  depth. 
Diametert  qfpipea  6  inchei  to  14  inohee,    IktUe  per  mile  IB  feet  to  5280  feet. 


Falls  ^w  mile  in  feet,  and 

"  Hydraulic  mean  depths,** 

or  "mean 

I  radii," 

the  hydraulic  inclinations. 

and  velocities  in  Inches  per  second.            | 

Falls. 

Indinationa, 
one  in 

Ij^  inches 

2  inches. 

2}  inches 

8  inches. 

8ilnchefl 

F. 

18-2 

400 

19-97 

28-84 

26-30 

28-98 

81-44 

13-6 

20-84 

23-77 

26-79 

29-52 

82-08 

141 

876 

20-72 

24-21 

27-28 

80-06 

82-62 

14-6 

21-18 

24-69 

27-83 

30-67 

83-27 

15-1 

850 

21-55 

25  18 

28-38 

81-27 

88-98 

15-6 

22-01 

25-72 

28-99 

81-94 

34-66 

16-2 

325 

22-48 

26-27 

29-60 

32-62 

85-39 

17-6 

300 

23-53 

27-50 

30-99 

34-15 

37-06 

19-2 

275 

24-74 

28-90 

32-67 

35-89 

88-94 

21  1 

250 

26  13 

30-68 

84-41 

37-91 

41-14 

23-5 

225 

27-76 

82-44 

36-56 

40-28 

48-71 

26-4 

200 

29-72 

84-72 

89  13 

43-12 

46-79 

80-2 

175 

32-11 

87-62 

42-28 

46-69 

60-66 

85-2 

150 

8518 

41-04 

46-26 

60-97 

66-30 

87-7 

140 

86 -57 

42-78 

48-16 

53-07 

67*68 

42-2 

125 

39-08 

46-66 

61-46 

66-71 

61-63 

48- 

110 

42  13 

49*28 

65-48 

61-13 

66-38 

52-8 

100 

44-57 

62-07 

58-69 

64-67 

70-17 

58-7 

90 

47-48 

66-42 

62-46 

68-83 

74-68 

66- 

80 

50-87 

69-44 

66-99 

73-81 

80-09 

76-4 

70 

66-08 

64-36 

72-50 

79-92 

86-72 

88- 

60 

60-89 

70-67 

79-53 

87-68 

96-09 

105-6 

60 

67-38 

78-78 

88-73 

97-77 

106-08 

117 -3 

45 

71-79 

83-88 

94-54 

104-17 

11808 

132- 

40 

77-07 

90-06 

101-50 

118-84 

121-86 

150-8 

35 

88-56 

97-63 

110-03 

121-24 

181-66 

176- 

30 

91-72 

107-18 

120-79 

183  10 

144-41 

211-2 

25 

102-44 

119-70 

134-90 

148-65 

161-29 

264- 

20 

117-28 

137-03 

154-44 

170-18 

184-65 

352- 

15 

139-66 

163-06 

183-78 

202-60 

219-72 

528- 

10 

177-95 

207-92 

284-33 

258-21 

280-16 

586-7 

9 

189-48 

221-34 

249-45 

274-87 

298-24 

660- 

8 

203 -07 

237-28 

267-42 

294-67 

319-72 

764-3 

7 

219-61 

256-61 

289-20 

818-67 

846-77 

880- 

6 

240-22 

281-86 

316-83 

848-67 

378-20 

1056- 

5 

266-81 

811-75 

351  -35 

387-15 

420-07 

1820- 

4 

302-92 

858-96 

398-91 

489-55 

476-98 

1760- 

8 

356-00 

416-96 

468-80 

616-57 

560-49 

2640- 

2 

446-98 

621  04 

587-22 

647-06 

702-08 

6280- 

1 

660-84 

772-16 

870-28 

958-91 

1040-44 
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TASZB  rin.^l^Jhdima  tk«  Mean  VdoeitiM  qf  WaUrJUmimg  in  Pipa,  Draint, 
J^reamtt  and  Biver$.—far  a  full  cylindrical  pipe,  dlTide  the  diameter  by  4  to 
find  the  hydraulic  mean  depth. 
Diamtten qfjripeg  14 inehet to  22 tiieA«t.    FalUpermOe linehto  12 fett. 


Falls  per  mile  in  feet  and 

inches,  and  the 

hydraulic  inclinations. 

**  Hydraulic  mean  depths,"  or  "  mean  radii," 
and  Tclocities  in  inches  per  second. 

lUls. 

InrHnatlmis, 
(me  in 

Scinches 

4  inches. 

4i  inches 

6  inches. 

5)  inches 

F.     I. 
0     1 

68860 

1-68 

1-80 

1-91 

2-02 

2-13 

0     2 

81680 

2-61 

2-81 

2-98 

3*15 

3-32 

0    8 

21120 

8-34 

8-59 

8-82 

4-03 

4-24 

0    4 

15840 

8-96 

4-25 

4-62 

4-78 

5-02 

0    5 

12672 

4-51 

4-84 

6  16 

6-44 

6-72 

0    6 

10560 

5  01 

6-87 

6-72 

6-04 

6-36 

0    7 

9051 

6-47 

6-87 

6-24 

6-60 

6-94 

0    8 

7920 

6-90 

6-88 

6-74 

7-12 

7-48 

0    9 

7040 

6-81 

6-77 

7-20 

7-61 

8-00 

0  10 

6336 

6-70 

718 

7*64 

8-08 

8-49 

0  11 

6760 

7-06 

7-68 

8*06 

8-52 

8-96 

1     0 

6280 

7-42 

7-96 

8-47 

8-95 

9-41 

1     8 

4224 

8-41 

9-02 

9-60 

10-14 

10-66 

1     6 

8520 

9-81 

9-99 

10-68 

11-23 

11*80 

1     9 

8017 

10-16 

10-89 

11-68 

12-24 

12*86 

2    0 

2640 

10*98 

11-78 

12-47 

18-18 

13*86 

2    8 

Interpolated. 

11-65 

12.50 

18-80 

14-05 

14-77 

2    6 

2112 

12-87 

13-28 

14-12 

14-93 

15-69 

2    9 

Interpolated. 

13  08 

18-68 

14-88 

15-72 

16-58 

8    0 

1760 

13-69 

14-69 

15-68 

16-52 

17-86 

8    8 

Interpolated. 

14'81 

16-36 

16-88 

17-26 

18-14 

8    6 

1508 

14-92 

16-01 

17  08 

18-00 

18*92 

8    9 

Interpolated. 

16-50 

16-68 

17-69 

18-70 

19-65 

4    0 

1820 

16-07 

17-25 

18*85 

19-39 

20-38 

4    6 

Interpolated. 

17  14 

18-39 

19-56 

20-68 

21-78 

5    0 

1056 

18-21 

19-58 

20-78 

21-96 

28*08 

6    6 

Interpolated. 

19-18 

20*68 

21-90 

28-14 

24-82 

6    0 

880 

20-16 

21-68 

28  01 

24-32 

25-66 

6    6 

Interpolated. 

21-07 

22-61 

24-05 

25-42 

26-72 

7    0 

754 

21-98 

23-59 

26-09 

26-52 

27-87 

7    6 

Interpolated. 

22-84 

24-50 

26-07 

27-55 

28*96 

8    0 

660 

28-69 

25-42 

27-04 

28-58 

80  04 

8    6 

Interpolated. 

24-50 

26-29 

27-97 

29-55 

8106 

9    0 

687 

25-81 

27*64 

28-89 

80-58 

82-09 

9    6 

Interpolated. 

26  09 

27-99 

29-78 

81-47 

83-08 

10    0 

628 

26-87 

28-88 

80-67 

32-41 

34-06 

10    6 

Interpolated. 

27-61 

29-62 

81-52 

83-31 

35  01 

11    0 

480 

28-35 

80-42 

82-87 

84-20 

36-96 

11    6 

Interpolated. 

29-07 

81-19 

88-18 

86-07 

86-86 

12    0 

440 

29-79 

81-96 

84-00 

86-93 

87-77 
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THE  DISCHARGE  OF  WATER  FROM 


TABLE  TIII.-'mrfiniiM  ike  Mean  Velaeitiea  of  Water  llowimg  «•  P^.  Droiat, 
Streama^  and  Bioen.—'xfot  a  full  cylindrioai  pqM,  dinde  tixe  diameter  by  4  to 
find  the  hydraulic  mean  depth. 
DiameUn  qfpip«$  16  muAm  to  2  feet.    JMU  per  mile  13  feet  to  6260  feeL 


Falls  per  mile  In  feet 
and  the 
hydraulic  InclinatioQB. 

"  Hydraulic  mean  depths," 

or  "mean  radii," 

and  yelooities  in  inchee  per  seoond. 

FallA. 

Inclination, 
one  in 

4  inchee.  4^1nchea 

5  inches^  S^inchea 

6  inches. 

F. 
18-2 

400 

38-74 

35-89 

37-93 

89*87 

41-72 

18-6 

Interpolated. 

34-37 

36-56 

88-64 

40*61 

42*50 

141 

375 

35-00 

87-28 

39-85 

41-36 

43*28 

14-6 

Interpolated. 

85-70 

87-98 

40-14 

4219 

44-15 

151 

350 

36-40 

38-73 

40-92 

43-02 

45-01 

15-6 

Interpolated. 

37-19 

89-56 

41-81 

43-94 

45-99 

16-2 

325 

37-97 

40-40 

42-69 

44*87 

46-96 

17-6 

300 

8975 

42-29 

44*69 

46-97 

49-16 

19-2 

276 

41-78 

44-45 

46-97 

49-88 

61*67 

21  1 

250 

44-14 

46-95 

49-62 

52-16 

64*68 

28-6 

225 

46-90 

49-90 

52-72 

55-42 

68-00 

26-4 

200 

50-20 

53-41 

56*44 

59-32 

62-08 

30-2 

175 

54-24 

57-71 

60-98 

64-10 

67-07 

35-2 

150 

59-84 

6318 

66*71 

70*12 

73-37 

87-7 

140 

61-78 

65-72 

69-45 

78*00 

76*39 

42-2 

125 

66-02 

70-23 

74*22 

78  01 

81-64 

48- 

110 

71-17 

75-72 

80  01 

84-10 

88*00 

52-8 

100 

75-29 

80-09 

84*64 

88-97 

93-10 

68-7 

90 

80-18 

85-26 

90-08 

94*69 

99-09 

66- 

80 

85-98 

91-42 

96-61 

101-54 

106-26 

76-4 

70 

93-04 

98-98 

104*60 

109-95 

116-05 

88* 

60 

102-02 

108-64 

114*70 

120-56 

126-16 

105-6 

50 

113-82 

121-09 

127-96 

184-50 

140-74 

117-3 

45 

121-27 

129-01 

136-34 

143-80 

149-96 

132- 

40 

180-20 

138-51 

146-38 

153-86 

161*00 

150-8 

35 

141-14 

150-16 

158-68 

166-79 

174-53 

176- 

80 

154-95 

164-84 

174-20 

183-10 

191*61 

211-2 

25 

173-05 

184-10 

194-56 

204-50 

214-00 

264- 

20 

198-12 

210-77 

222*73 

284-11 

244-98 

852- 

15 

235-75 

250-80 

265-04 

278-58 

291  -62 

528- 

10 

300-60 

319-80 

337*95 

365-22 

371-71 

586-7 

9 

820-00 

840-48 

359*76 

378-14 

895*70 

660- 

8 

348-04 

359-65 

385*67 

405-87 

424*20 

754-3 

7 

370-99 

394-68 

417-08 

438-39 

45876 

880- 

6 

405-79 

431-70 

456*21 

479-62 

601*79 

1056- 

5 

450-71 

479*49 

506*71 

582*60 

667*84 

1320- 

4 

511-72 

544-39 

575*30 

604-69 

632-78 

1760- 

3 

601-38 

639-78 

676  10 

710-64 

748-66 

2640- 

2 

753-29 

801-89 

846-89 

890-16 

981*60 

5280- 

1 

1116-35 

1187-62 

1255*04 

1819-17 

1880-44 

OFFICES,   WEIRS,  PIPES,  AND  RIVERS,  476 


TABLE  niL—ForJImtUM  Oe  Mean  VelocUiM  tf  Water  flowing  in  Pfe*«,  2>n»M, 
Streamtt  and  JStMrv.— The  hydraulic  mean  depth  is  found  for  all  ohanneiB,  by 
dividing  the  wetted  perimeter  into  the  area. 
HydrauUemMndeptht  6  i$uiU$  to  10  vmAm,    FlaUt  per  mile  1  inch  to  12  feet. 


FalU  per  mile  in  feet 

and  inchee.  and  the 

hydraulic  indJnationB. 

6  inches. 

draulic  mei 
uidTelodti 

7iacheB. 

ux  depthn," 
les  in  inche 

8  inches. 

or  "  mean 
B  per  secon< 

radii," 
i. 

Fa1l8 

Inclinations, 
one  in 

9  Inches. 

10  inchee. 

F.    I. 
0     1 

68860 

2-28 

2-41 

2*58 

2-75 

2-90 

0     2 

81680 

8-47 

3-76 

4-03 

4-28 

4-52 

0    8 

21120 

4-48 

4-80 

615 

5*47 

6*78 

0    4 

15840 

5-26 

5-69 

610 

6-49 

6*85 

0    5 

12672 

5-98 

6-48 

6-95 

7-89 

7*80 

0    6 

10560 

6-65 

7-20 

7-72 

8-20 

8*66 

0    7 

9051 

7-26 

7-86 

8-43 

8-96 

9*46 

0    8 

7920 

7-83 

8-48 

9-09 

9-67 

10-21 

0    9 

7040 

8-37 

9-07 

9-72 

10-88 

10*91 

0  10 

6886 

8-88 

9-63 

10-82 

10-97 

11*68 

0  11 

5760 

9-37 

10-16 

10-89 

11*57 

12*22 

1    0 

5280 

9*84 

10-67 

11-43 

1215 

12*83 

1     8 

4224 

1116 

1209 

12*95 

13*77 

14*54 

1     6 

8520 

12-85 

13-88 

14-34 

15*25 

16*10 

1     9 

8017 

18-46 

14-58 

15-63 

16*61 

17*54 

2    0 

2640 

14-50 

15-71 

16*84 

17*90 

18-90 

2    8 

Interpolated. 

15-45 

16-75 

18-24 

19-08 

20*15 

2    6 

2112 

16-42 

17-79 

19*64 

20-26 

21*40 

2     9 

Interpolated. 
1760 

17-29 

18-74 

20-37 

21-84 

22*64 

8    0 

1817 

19-69 

21*10 

22-42 

28-68 

8    8 

Interpolated. 

18*99 

20-57 

22  05 

28*43 

24-76 

3    6 

1508 

19-80 

21-46 

23-00 

24*44 

25-81 

3    9 

Interpolated. 

20-56 

22*28 

23-88 

25*88 

26-80 

4    0 

1820 

21-38 

2311 

24-77 

26-82 

27*80 

4    6 

Interpolated 

22-74 

24-64 

26*41 

28-07 

^-64 

5    0 

1056 

24  16 

26-17 

28  05 

29-81 

31*48 

5    6 

Interpolated. 

25-45 

27*58 

29-56 

81-42 

33*17 

6    0 

880 

26-75 

28-98 

8106 

33-02 

84*86 

6    6 

Interpolated. 
754 

27-96 

80-29 

32-47 

34*51 

86-44 

7    0 

29-17 

81*60 

83*87 

36*00 

88*02 

7    6 

Interpolated. 

80-80 

82*83 

35-19 

87-40 

39*50 

8    0 

660 

81-43 

84-06 

86*50 

38-80 

40*97 

8    6 

Interpolated. 

32-51 

85*22 

87*75 

4012 

42-37 

9    0 

587 

88-58 

86-89 

88*99 

41*45 

43-77 

9    6 

Interpolated. 

84-61 

87*50 

40*20 

42-72 

4511 

10    0 

528 

85-65 

88-68 

41-40 

44-00 

46-46 

10    6 

Interpolated. 

86 -68 

89*69 

42*54 

45-22 

47-75 

11    0 

480 

87*62 

40-76 

43-69 

46-44 

49*03 

11    6 

Interpolated. 

88-57 

41*79 

44*79 

47-61 

50-27 

12    0 

440 

89-52 

42*82 

45*90 

48-78 

51*51 
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TABLE  VIII.—FvrJindiM  the  Mem  Veloeiiieg  qf  WaUrJUmnmg  in  Tipa,  Drains, 
Streams^  and  Mwert. — The  hydraulic  moan  depth  is  found  for  all  chaiinels  by 
dividing  the  wetted  perimeter  into  the  area. 
Sjfdraulie  m$an  deptkt  11  tjtdkM  to  31  ineke*,    JbO*  permiOelimAio  UfeeL 


FaUs  per  mile  in  feet 

And  iru^TiAfl   AnH  (ihA 

<*  HydrauUo  mean  depths,*" 

'  or  "  mean 

radii," 

«*ajva  jaix»i  i^o^  miM   vuv 

hydraulic  inclinations. 

i 

uid  velocities  in  inches  per  second. 

FUls. 

Indfnationfl^ 
one  in 

11  inches 

12  inches.  16  inches. 

1 

18  inches.  21  Inches. 

F.    I. 

0     1 

68860 

8-05 

8  19 

3-67 

8-92 

4-25 

0     2 

81680 

4-76 

4-97 

6-67 

612 

6-62 

0     8 

21120 

6*07 

6-35 

7-12 

7-82 

8-46 

0     4 

15840 

7-19 

7-58 

8-44 

9-27 

10  03 

0     5 

12672 

8-19 

8-57 

9-61 

10-65 

11-42 

0     6 

10660 

9-10 

9-62 

10-67 

11-72 

12*68 

0     7 

9051 

9-94 

10-89 

11-66 

12-80 

13-86 

0     8 

7920 

10-72 

11-21 

12-57 

18-81 

14-94 

0     9 

7041 

11-46 

11-99 

18-44 

14-76 

15-97 

0  10 

6836 

12-16 

12-72 

14-27 

15-66 

16-95 

0  11 

6760 

12-83 

13-42 

15  05 

16-58 

17-88 

1     0 

6280 

13-48 

14-09 

15-81 

17-86 

18-78 

1     8 

4224 

15-27 

15-97 

17-91 

19-67 

21-28 

1     6 

8520 

16-91 

17-68 

19-83 

21-78 

28-56 

1     9 

8017 

18-28 

19-27 

21-62 

23-73 

25-68 

2    0 

2640 

19-86 

20-76 

23-28 

25-68 

27-66 

2    8 

Interpolated. 

21-16 

22  13 

24-82 

27-29 

29-49 

2    6 

2112 

22-48 

28-51 

26-36 

28-96 

81-32 

2    9 

Interpolated. 
1760 

23-68 

24-76 

27-77 

80-49 

82-99 

8    0 

24-88 

26-02 

29-18 

82-04 

84-67 

3    8 

Interpolated. 

25-99 

27-18 

80-47 

83-48 

86-22 

8    6 

1508 

27  11 

28-36 

31-77 

84-92 

37-78 

8    9 

Interpolated. 

28-15 

29-46 

38-01 

36-26 

39-28 

4    0 

1820 

29-20 

30-64 

34-25 

87-60 

40-69 

4    6 

Interpolated. 

81-13 

32-66 

86-52 

40  10 

48  39 

6    0 

1056 

33-07 

34-69 

38-79 

42-69 

46  09 

5    6 

Interpolated. 

34-85 

86-44 

40-87 

44-88 

48-56 

6    0 

880 

86-62 

38-30 

42-95 

4716 

6103 

6    6 

Interpolated. 

88*28 

40-03 

44-90 

49-30 

63*34 

7    0 

754 

89-93 

41-76 

46-84 

61-48 

66-65 

7    6 

Interpolated. 

41-48 

43-89 

48-66 

68-48 

67-81 

8    0 

660 

43-04 

46  01 

60-48 

66-42 

69-97 

8    6 

Interpolated. 

44-50 

46-54 

62-20 

67-32 

62-02 

9    0 

587 

45-97 

48-08 

63-92 

69-21 

64-06 

9    6 

Interpolated. 

47-39 

49-66 

66-58 

61-03 

66-04 

10    0 

628 

48-80 

61-04 

67*24 

62-85 

68-01 

10    6 

Interpolated. 

60-16 

62-46 

68-83 

64-69 

69-89 

11     0 

480 

61-51 

63-87 

60-41 

66-33 

71-78 

11     6 

Interpolated. 

62-81 

65-23 

61-94 

68-01 

73-59 

12    0 

440 

64-11 

66-69 

68-47 

69-68 

76-40 

ORIFICES,   WEIRS,  PIPES,  AND  RIVERS. 
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TABLE  VIIL—ForfindiM  ike  Mtan  r«heiHs$  (^  WaUrJhwina  i»  Pipei,  Drabu, 
Streamu,  attd  Swen.  —The  hydraoUe  mean  depth  ie  found  for  all  channelw  by 
dividing  the  wetted  perimeter  into  the  area. 
SgdrwUe  mean  deplka  S4  ineket  to  ifget.    FaU»  per  miU  1  inek  to  12feei. 


Falls  per  mile  in  feet 
and  mchee,  and  the 

"  Hydraulic  mean  depths," 
and  ▼elodtlea  in  indiec 

or  "  mean  radii/' 
1  per  second. 

FallJi. 

IncUnationa, 
one  in 

24  inch. 

30  inches. 

86  inches.  42  inches. 

48  inches. 

F.     I. 
0     1 

68860 

4-54 

5  09 

5*59 

6*04 

6*47 

0    2 

81680 

7  09 

7-94 

8*71 

9*42 

10*08 

0    3 

21120 

9  06 

10-15 

1114 

12*04 

12*89 

0    4 

15840 

10-78 

1208 

18*20 

14*27 

15*27 

0    5 

12672 

12-22 

18-69 

15  08 

16*25 

17*39 

0    6 

10560 

18-67 

15-21 

16-69 

18  05 

19*31 

0    7 

9051 

14-88 

16-61 

18*23 

19*71 

21*09 

0    8 

7920 

15-99 

17-92 

19*66 

21*27 

22*76 

0    9 

7041 

17-10 

19-16 

21  02 

22-73 

24*33 

0  10 

6886 

18-15 

20*83 

22*81 

24-18 

25*82 

0  11 

5760 

1  1915 

21-45 

28*54 

25-46 

27-24 

1     0 

5280 

20  11 

22-58 

24*72 

26-78 

28-61 

1    8 

4224 

22-78 

25-58 

28*01 

80-29 

82-42 

1    6 

8520 

;  25-23 

28-27 

31*02 

88-54 

35*90 

1    9 

8017 

27-49 

80-81 

33*80 

36-55 

39*12 

2    0 

2640 

29*62 

38-18 

36-41 

39-88 

42*14 

2    3 

Interpolated. 

81-57 

85-88 

38-82 

41-98 

44*92 

2    6 

2112 

88-58 

87*57 

41-22 

44*58 

47-71 

2    9 

Interpolated. 
1760 

85-82 

39*58 

48-48 

46*96 

50-26 

8    0 

8711 

41*58 

45-68 

49*84 

52-81 

3    8 

Interpolated. 

88-78 

48*45 

47*68 

51*56 

55*18 

8    6 

1508 

40-45 

45-82 

49*73 

58*78 

57*55 

8    9 

Interpolated. 

4200 

47  07 

51*64 

55-85 

69*77 

4    0 

1820 

48-56 

48*81 

53*56 

57*92 

61 -9* 

4    6 

Interpolated. 

46-45 

52*05 

57*11 

61-76 

66*09 

5    0 

1056 

49-84 

55*28 

60*66 

65-60 

70*20 

5    6 

Interpolated. 
880 

51-99 

58-25 

68*91 

69-12 

78*97 

6    0 

54-68 

61*22 

67*17 

72-64 

77*74* 

6    6 

Interpolated. 
754 

57  11 

68*99 

70*21 

76 -93* 

81*25 

7    0 

59-58 

66*76 

73*25 

79-21 

84*77 

7    6 

Interpolated. 

61-89 

69*85 

76  09* 

87-29 

88*06 

8    0 

660 

64-21 

71*94 

78-94 

85-37 

91*85 

8    6 

Interpolated. 

66*40 

74*40 

81*63 

88-26 

94*47 

9    0 

587 

68*59 

76 -85* 

84*82 

91-19 

97*59 

9    6 

Interpolated. 
528 

70-60 

79*22 

86*92 

94*00 

100*59 

10    0 

72*81 

81-58 

89-52 

96*81 

108*60 

10    6 

Interpolated. 

74-88 

88-84 

91*99 

99*49 

106-47 

11    0 

480 

76*84* 

86*10 

94*47 

102-17 

109*88 

11    6 

Interpolated. 

78*78 

88*28 

96*86 

104-75 

112*10 

12    0 

440 

80*72 

90*45 

99*25 

107*33 

114*86 
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TABLE  Vlll.-^r^Jindiing  iU  Mean  VdoeUiei  «f  WaUrJIowima  im  Fipm,  Drama, 
8trtam$^  and  StO0r».— llxe  hydraulic  mean  depth  is  found  for  all  channek  bj 
dividing  the  wetted  perimeter  into  the  area. 
S^dranlie  neon  dtpOu  Afeei  6  iHeha$  to  7fe«t.    EalU  ptr  eufo  1  t«A  to  12  fui. 


Falls  per  mile  in  feet 

and  tnches,  and  the 

hydraulic  inclinations. 

**  Hydraulic  mean  depths,"  or  **  mean 
and  velocity  in  inches  per  second 

ladii." 

» 

noiB. 

Indinattons, 
one  in 

54  inch. 

60  inches. 

66  inches. 

72  inches. 

84  inches. 

F.    I. 
0     1 

63860 

6-86 

7-24 

7-60 

7-94 

8-58 

0     2 

31680 

10-70 

11-29 

11-86 

12-88 

13-89 

0     3 

21120 

13-68 

14-62 

16-14 

16-88 

1711 

0     4 

15840 

16-21 

17-10 

17-96 

18-76 

20-28 

0    5 

12672 

18-46 

19-47 

20-43 

21-36 

23-13 

0     6 

10560 

20-50 

21-68 

22-70 

23-72 

25-64 

0     7 

9051 

22-89 

23-62 

24-79 

25-90 

28-00 

0    8 

7920 

24-16 

26-48 

26-74 

27-95 

80-21 

0    9 

7041 

25-83 

27-24 

28-69 

29-88 

82-30 

0  10 

6836 

27-41 

28-91 

80-34 

81-71 

84-28 

0  11 

6760 

28-92 

30-61 

82-01 

88.46 

86-17 

1    0 

5280 

80-87 

32-08 

88-62 

86-18 

87-98 

1     8 

4224 

34-41 

36-30 

88-10 

39-81 

43  04 

1     6 

3520 

38-10 

40-19 

4218 

44-08 

47-65 

1     9 

8017 

41-52 

43-80 

45-97 

48-04 

61-93 

2    0 

2640 

44-78 

47-18 

49-62 

51-75 

66-94 

2    3 

Interpolated. 

47-69 

60-80 

62-79 

66-17 

59-64 

2    6 

2112 

60-65 

63-42 

66-07 

68-59 

63-34 

2    9 

Interpolated. 
1760 

58-85 

66-28 

69-06 

61-72 

66-72 

3    0 

66-06 

69-18 

62-05 

64-86 

70-10 

3    3 

Interpolated. 

68-67 

61-79 

64-84 

67-76 

73-25 

3    6 

1508 

61-09 

64-44 

67-63 

70-67 

76-40* 

3    9 

Interpolated. 

68-44 

66-92 

70-23 

78-89 

79-35 

4    0 

1820 

66-80 

69-41 

72-84 

76-11* 

82-29 

4    6 

Interpolated. 

70-16 

74-01 

77-67* 

81-16 

87-74 

5    0 

1056 

74-52 

78-61* 

82-50 

86-21 

98-20 

5    6 

Interpolated. 

78-62* 

82-88 

86-92 

90-84 

98-20 

6    0 

880 

82-62 

87-06 

91-35 

95-46 

103-20 

6    6 

Interpolated. 

86-25 

90-98 

96-68 

99-78 

107-87 

7    0 

754 

89-99 

94-92 

99-62 

104-10 

112-64 

7    6 

Interpolated. 

93-48 

98-61 

108-48 

108-14 

116-91 

8    0 

660 

96-98 

102-80 

107-85 

112-19 

121-28 

8    6 

Interpolated. 

100-29 

106-79 

111-02 

116-01 

125-42 

9    0 

687 

108-69 

109-27 

114-68 

119-84 

129-66 

9    6 

Interpolated. 

106-78 

112-64 

118-21 

128-68 

183-56 

10    0 

528 

109-97 

116-01 

121-74 

127-22 

137-54 

10    6 

Interpolated. 

113-02 

119-22 

126  11 

180-74 

141-84 

11     0 

480 

116-06 

122-48 

128-48 

184-27 

146-16 

11    6 

Interpolated. 

119-00 

126-62 

181-73 

137-66 

148-82 

12    0 

440 

121*93 

128-61 

184-97 

141-06 

152-49 

ORIFICES,   WEIRS,  PIPES,  AND  RIVERS, 
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TABLE  rin.—IhrJlndiM  iJts  Mean  VeloeUiee  <f  Waterjowma  m  Pipa,  DrotM, 
StmmB,  amd  Stcen^—Tho  hvdnuilio  mean  depth  ia  iouiid  for  all  channels  by 
dividing  the  wetted  perimeter  into  the  area. 

SgdramUe mean depOu  Bfiet  to  12 feeL    FalUfer  mUlmAio  12 feet. 


VvSlBpeit  mile  in  feet 

and  inchee,  and  Uie 

bydraolio  inclinatlfQDa. 

*'  Hydraulic  mean  depths,"  or  "  mean  radii," 
and  TttiooitlBa  hi  incbea  per  second. 

FaUa. 

one  in 

96  Inch. 

108 
incheai 

120 

inches. 

182 
inches. 

144 
inches. 

T.     I. 
0    1 

68860 

918 

9*75 

10*28 

10-79 

11*27 

0    2 

81680 

14*82 

15*20 

16*08 

16-82 

17*57 

0    8 

21120 

18-80 

19-43 

20-49 

21*50 

22*46 

0    4 

15840 

21-69 

28*02 

24-28 

25*47 

26*62 

0    5 

12672 

24-70 

26*21 

27-64 

29*00 

80-31 

0    6 

10560 

27-48 

2911 

80-70 

82*21 

83*66 

0    7 

9051 

29*96 

81-80 

88*58 

85*18 

86*76 

0    8 

7920 

32*82 

84*80 

86-18 

87-96 

39*66 

0    9 

7041 

34*55 

86-67 

88-67 

40-58 

42-40 

0  10 

6386 

36*67 

88-92 

41-04 

48*07 

45*00 

0  11 

5760 

38*69 

4106 

48-81 

45*44 

47*48 

1    0 

5280 

40*63 

43-12 

45-48 

47-72 

49*86 

1     8 

4224 

46*04 

48-87 

51-54 

64*07 

56*50 

1    6 

8520 

50-98 

54-11 

67-06 

69*87 

62-56 

1    9 

8017 

55-60 

58*96 

62-18 

65*25 

6817 

2    0 

2640 

59-85 

63*52 

66*98 

70*28 

78*44« 

2    8 

Interpolated. 

63*80 

67*72 

71*41 

74 -93* 

78*29 

2    6 

2112 

67-76 

71*91 

75-84* 

79*58 

83*15 

2    9 

Interpolated. 

71*88 

75  •75* 

79-89 

83*83 

87*59 

8    0 

1760 

7500* 

79-59 

88*94 

88*08 

92*03 

3    8 

Interpolated. 

78*37 

8317 

87-71 

92*08 

96*16 

8    6 

1508 

81-74 

86*75 

91-48 

95*99 

100*80 

3    9 

Interpolated. 

84*88 

90*09 

95-01 

99*69 

104*16 

4    0 

1820 

88*08 

98*43 

98-58 

108*88 

108*02 

4    6 

Interpolated. 

93*87 

99*62 

105-06 

110*24 

115*18 

5    0 

1056 

99*70 

105*82 

111-59 

117  09 

122-34 

5    6 

Interpolated. 

105*06 

111*49 

117-58 

128*38 

128-91 

6    0 

880 

110*41 

117*17 

128-57 

129*66 

185*48 

6    6 

Interpolated. 
754 

115-40 

122*47 

129-16 

135*53 

141*61 

7    0 

120*40 

127*76 

184-75 

141*89 

147*78 

7    6 

Interpolated. 

125*07 

132*74 

189-99 

146*88 

158-47 

8    0 

660 

129*75 

137*70 

145-22 

152-88 

159*21 

8    6 

Interpolated. 

184*18 

142*40 

15018 

157*57 

164*64 

9    0 

587 

138-60 

14710 

155-18 

162-77 

17007 

9    6 

Interpolated. 

142*87 

151*63 

159-91 

167*78 

175*31 

10    0 

528 

147-14 

156*16 

164-68 

172*80 

180-56 

10    6 

Interpolated. 

151*21 

160*48 

169-24 

177-68 

185*56 

11    0 

480        1 

155*29 

164*80 

178*80 

182*86 

190*54 

11    6 

Interpolated. 

159*21 

168*97 

17819 

186-97 

195*86 

12    0 

440         il63*18 

17318 

182*59 

191*58 

200*17 

480 
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TABLE  IZ.^FoTjtmiimg  Hu  Ditekarge  to  CMe  Feet  per  ITnuOe,  mken  Os  Diam§Ur 
qfa  Pipe,  or  (hyiee,  a$td  tie  VeloeUjf  qfDieekmye  are  known ;  and  met  verad. 


Diachaiie^  In  cubic  feet  ] 

per  minute,  for  different  velocities.           | 

Velocity  of 
100  InoneB 

Velocity  of 

Velocity  of 

Velocity  of 
400  inches 

Velocity  of 

200  Inches 

300  Inches 

&00  inches 

S®-9 

per  second. 

per  second. 

per  second. 

per  second. 

per  second. 

} 

•170442 

-8409 

.6113 

*6818 

*8522 

•~ 

•68177 

1-8685 

2-0458 

2-7271 

3-4089 

1-53898 

8-0679 

4-6019 

6-1359 

7-6699 

X 

2-727077 

5-4541 

8-1812 

10-9083 

13-6854 

li 

4-26106 

8-5221 

12-7832 

17-0442 

21-3058 

14 

6  13593 

12-2718 

18*4080 

24-5487 

30-6797 

IJ 

8-86167 

16-7038 

260650 

83-4067 

41-7584 

2 

10-90881 

21-1817 

32*7249 

43-6382 

64-6416 

H 

18-80583 

27-6117 

41-4175 

55-2283 

69-0291 

^\ 

17-04423 

84-0885 

51-1327 

68-1769 

85-2212 

2| 

20-62362 

41-2470 

61-8706 

82-4941 

1031176 

8 

24-54369 

49-0874 

78-6811 

98-1748 

122*7185 

1! 

28-80475 

67-6095 

86-4148 

116-2190 

144  0238 

33-40669 

66-8134 

100-2201 

138-6268 

167*0886 

8J 

88-84962 

76-6990 

115  0486 

163-3981 

191*7476 

4 

43-63323 

87-2665 

130-8997 

174-5329 

218*1662 

*i 

49-25783 

98-5157 

147*7735 

197-0813 

246-2892 

3 

66-22381 

110-4466 

166*6699 

220-8982 

2761166 

61-52968 

128*0694 

184*6890 

246-1187 

807*6484 

5 

68  17692 

186-8689 

204-6308 

272-7077 

340*8846 

H 

75-16506 

150  •3301 

226-4962 

800-6603 

376*8253 

H 

82-49408 

164-9882 

247-4822 

329-9768 

412-4704 

61 

90-16399 

180-8280 

270-4920 

360-6560 

450-8200 

6 

98-17478 

196-8496 

294*6243 

892-6991 

490-8789 

^i 

106-52645 

218*0529 

319*6794 

426-1058 

532*6328 

6i 

115-2190 

230*4380 

846*6570 

460*8760 

576*0950 

SJ 

124-25245 

248*6049 

872*7674 

497*0098 

621*2628 

7 

183-6268 

267-2536 

400*8804 

634*5072 

668*1340 

2* 

143-34199 

286*6840 

480-0260 

673.8680 

716-7100 

74 

153-89809 

806-7962 

460-1943 

618*6924 

766-9905 

7f 

163-79607 

827-6901 

491*8862 

666-1808 

818*9758 

8 

174-53293 

849-0669 

623-5988 

6981317 

872-6647 

84 

197-03182 

894-0626 

591*0940 

788-1268 

986-1566 

9 

220-89325 

441*7866 

662-6798 

883-5730 

1104*4668 

H 

24611871 

492*2374 

788 -3661 

984-4784 

1230*5936 

10 

272-70771 

546*4154 

818-1281 

1090-8808 

1368*5386 

104 

300-66025 

601-3206 

901-9808 

1202-6410 

1508*3018 

11 

329*97638 

659*9527 

989*9290 

1819-906S 

1649-8817 

114 

360-65695 

721*3119 

1081*9679 

1442*6238 

1803-2798 

12 

892-69910 

786*3982 

1178*0973 

1570*7964 

1963-4955 

ORIFICES,    WEIBSy  PIPES,  A^D  RIVERS, 
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Td!^LE  IX,—ForfindiMg  ike  Disekar^s  in  Cnhie  Ret  per  IfuiKfo,  when  tke  IHanuier 
of  a  Fipty  or  Oryiee,  and  the  VelocUjf  ofDUeharye  are  known  ;  ttnd  vice  ver$d. 


Dischiirge  In  cubic  feet  per  minute,  for  different  Telodtiee. 


Velocity  of 
600  inches 
per  second. 


1-0227 

4-0906 

9-2039 

16-3625 

25-5664 

86-8155 

50-1100 

65-4499 

82-8350 

102-2654 

128-7411 

147-2621 

172-8285 

200-4401 

280-0971 

261-7994 

295-5470 

881-8399 

869-1781 

409-0615 

450-9904 

494-9645 

540-9839 

589-0486 

639-1587 

691-8141 

745-5147 

801-7608 

860-0519 

920-3885 

982-7704 

1047-1976 

1182-1879 

1325-8595 

1476-7128 

1686*2463 

1803-9615 

1979-8580 

2168-9357 

2356-1946 


VelocitT  of 

700  inches 

per  second. 


1-1931 

4-7724 

10-7379 

19-0895 

29-8274 

42-9515 

58-4617 

76-8582 

96-6408 

119-8096 

144-3646 

171-8059 

201  •6338 

233-8468 

268-4467 

805-4326 

844-8048 

886-5632 

430-7077 

477-2384 

526-1554 

577-4586 

631-1479 

687-2235 

745-6852- 

806-5380 

869-7672 

935-8876 

1003 -8989 

1073-7866 

1146-5655 

1221-7305 

1379-2192 

1546-2528 

1722-8310 

1908-9540 

2104-6218 

2309 '8848 

2524-5917 

2748-8937 


Velocity  of 

800  indies 

per  second. 


1-8635 

5-4542 

12-2718 

21-8166 

84-0885 

49-0874 

66-8184 

87-2665 

110-4466 

136-8588 

164-9882 

196-3496 

230-4880 

267-2535 

806-7962 

849-0659 

894-0626 

441-7865 

492-2374 

545-4154 

601-3205 

659-9526 

721-3119 

785-8982 

852-2116 

921-7620 

994-0196 

1069-0144 

1146-7359 

1227-1847 

1310-8605 

1396-2634 

1576-2506 

1767-1460 

1968-9497 

2181-6617 

2405-2820 

2639-8106 

2885-2476 

3141-5928 


Velocity  of 
900  Inches 
per  second. 


1-5340 

6.1359 

18-8058 

24-5437 

88-8495 

55-2284 

75-1650 

98-1748 

124-2525 

153-3981 

185-6117 

220-8938 

259-2428 

800-6602 

345-1457 

892-6991 

448-3205 

497-0098 

553-7671 

618-5928 

676-4855 

742-4467 

811-4759 

888-5780 

958-7381 

1036-9710 

1118-2721 

1202-6412 

1290-0779 

1380-5828 

1474-1556 

1570-7964 

1773-2819 

1988-0898 

2215*0684 

2454-8694 

2705-9428 

2969-7870 

8245-9986 

3534-2919 


Velocity  in 
1000  inches 
per  second. 


1-7044 

6-8177 

15*3398 

27-2708 

42-6106 

61-3598 

88-5167 

109-0881 

188-0583 

170-4423 

206-2352 

245-4369 

288-0475 

384-0669 

883-4952 

436-8323 

492-5783 

552-2331 

615-2968 

681-7692 

751-6506 

824  9408 

901-6399 

981 -7478 

1065-2645 

1152-1900 

1242-5245 

1386-2680 

1433-4199 

1588-9809 

1637-9507 

1745-8298 

1970-8132 

2208-9325 

2461-1871 

2727-0771 

8006-6025 

8299-7688 

8606-5595 

3926-9910 
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THE  DISCEAROE  OF  WATER  FROM 


TABLE  X.—For  finding  t\e   deptJu  qf  Wein  of  diferent  UngtUy   ih*  qnaniity 
ditekarged  over  each  being  $uppofU  eonttant.    Bee  "ps^goa  289  and  290. 


Battoe 

of 

JengthflL 

1 

Coeffi-       * 

Lattoe 
of 
Qgthe. 

CoefB-       *• 

AtiOB 

ngthe.    ' 

Coeffi- 

,  Ratios 
'      of 
lengths. 

Coeffi- 

dents,    j^ 

dente.      ^^ 

dents. 

cients. 

•01 

•0464   1      • 

405 

•5474 

•605 

•7153 

•805 

•8654 

•02 

•0787 

410 

•5519 

610 

7193 

•810 

•8689 

•03 

•0965 

415 

•5564 

'616 

7232 

•815 

•8726 

•04 

•1170 

420 

•5608 

620 

7271 

•820 

•8761 

•05 

•1357 

425 

•5663 

625 

7310 

•825 

•8796 

•06 

•1583 

430 

•5697 

630 

7349 

•880 

•8832 

•07 

•1699 

-485 

•5741 

636 

•7388 

•836 

•8867 

•08 

•1857 

440 

•6786 

•640 

•7427 

•840 

•8903 

•09 

•2008 

445 

•5829 

•646 

7466 

•846 

•8938 

•10 

•2154 

450 

•5872 

•650 

•7504 

•850 

•8973 

•11 

•2296 

455 

■5916 

'655 

7542 

•866 

•9008 

•12 

•2438 

•460 

■5959 

'660 

7580 

•860 

•9043 

•18 

•2566 

465 

•6002 

•665 

7619 

•865 

•9078 

•14 

•2696 

•470 

•6045 

•670 

7657 

•870 

•9118 

•16 

•2828 

•475 

•6088 

'676 

7696 

•875 

•9148 

•16 

•2947 

480 

•6130 

'680       ■ 

7783 

•880 

•9183 

•17 

•8069 

'485 

•6178 

686 

7771 

•886 

•9218 

•18 

•8188 

'490 

•6215 

•690 

7808 

•890 

•9258 

•19 

•3805 

495 

•6258 

'695 

7846 

•895 

•9287 

•20 

•8420 

500 

•6300 

'700 

•7884 

•900 

•9822 

•21 

•8533 

505 

•6342 

'705       • 

7921 

•905 

•9356 

•22 

•8644 

610 

•6883 

■710 

7959 

•910 

•9891 

•28 

•8754 

•515 

•6425 

715 

7996 

•916 

-9425 

•24 

•3862 

520 

•6466 

720 

•8033 

•920 

•9459 

•25 

•3969 

525 

•6508 

725 

8070 

•925 

•9494 

•26 

•4074 

530 

•6549 

•730 

•8107 

•980 

•9528 

•27 

•4177 

585 

•6590 

•785 

8144 

•985 

•9562 

•28 

•4280 

•540 

•6631 

•740 

8181 

•940 

•9696   ; 

•29 

•4881 

546 

•6672 

746 

•8218 

•945 

•9630 

•80 

•4481 

650 

•6713 

•750       " 

•8255 

•950 

•9664 

•81 

•4580 

•556 

•6764 

766 

'8291 

•955 

•9698 

•82 

•4678 

'660 

•6794 

•760 

•8828 

•960 

•9732 

•83 

•4775 

•565 

•6834 

•766 

•8865 

•965 

•9762 

•84 

•4871 

570 

•6876 

•770 

'8401 

•970 

•9799 

•85 

•4966 

•576 

•6916 

776      ' 

8437 

•976 

•9838 

•86 

•5061 

580 

•6965 

•780 

-8474 

•980 

•9866 

•87 

•5154 

686 

•6995 

•785 

•8610 

-986 

•9900 

•38 

•5246 

590 

•7035 

•790       ' 

•9546 

•990 

•9983 

•89 

•6888 

596 

•7074 

•796       ' 

•8582 

•996 

•9967 

•40 

■5429 

■600 

•7114 

•800       " 

-8618 

1-000 

1^0000 

ORIFICES,   WEIBS,  PIPES,  AND  RIVERS, 


483 


TABLE  XI.—litan  rtlaUot  DimemmonM  qfequattjf  Duekaraing  Trapeaoidal  Ckamneli, 
wUk  IXde  Slope*  varyina  from  0  to  1,  up  tot  to  1.— Half  sum  of  the  too  and 
bottom  is  the  mean  wldtli,  The  raoo  of  the  elope.  muItipUed  by  the  depth, 
subtxected  ttom  the  mean  width,  will  ffive  the  bottom ;  and  il  added,  will 
give  the  top.  Tabus  XII.  {[iTee  the  di8(£ar{pe  in  cubic  feet  per  minute  from 
the  primary  channel,  70  wida^  and  the  oorreapondlng  depths  taken  in  feet. 
For  lesser  or  greater  channels  and  discharges,  see  R*UeB,  pp.  243  to  251,  snd 
867  to  271. 


The  mean  widths  are  given  in  the  top  horin 
depths  in  the  other  horisontal  UneSb 

>ntsl  line,  and  the  corresponding 

They  may  be  taken  in  inches. 

feet,  yards,  fathoms,  or  any  other  measures,  whatever. 

70 

60 

50       40 

35 

30 

25 

20 

15 

10 

*125 

•18 

-16 

•17 

•20 

•28 

•26 

•29 

-35 

•48 

•25 

•27 

•80 

•86 

•40 

•46 

•52 

-68 

71 

•98 

•875 

•41 

•46 

-54 

-60 

•67 

•76 

•88 

1-09 

1-61 

•5 

•65 

-62 

73 

•80 

•89 

1-02 

1^19 

1-48 

2-04* 

•625 

•68 

78 

•91 

1-00 

1-12 

1-29 

1-60 

1*88 

2-62 

•75 

•82 

•94 

1-10 

1-20 

1-36 

1-56 

1-82 

2-28 

8-22* 

•875 

•96 

1-10 

1-29 

1-41 

1-58 

1-88 

2-14 

2-69 

8-86 

1- 

1-10 

1-26 

1-48 

1-62 

1-81 

2-10 

2-46 

8-11 

4-50 

1-126 

1-24 

1-42 

1-67 

1-88 

2-04 

2.87 

2-79 

8-64 

5-19* 

1-26 

1-89 

1-68 

1-86 

2-04 

2-28 

2-65 

8-12 

8-98 

6-89 

1-875 

1-58 

1-74 

2-05 

2-25 

2-51 

2-92 

8-46 

4-48 

6-60 

1-6 

1-67 

1-90 

2-24 

2-46 

275 

8-20 

8-80 

4-88 

7-81 

1-626 

1-81 

2-06 

2-43 

2-67 

2-99 

8  47 

4-16 

6-84 

8-08 

1-75 

1-95 

2-22  1  2-62 

2-88 

8-28 

8-75 

4-60 

6-80 

8-86 

!  1-875 

2-09 

2-38  i  2-81 

3-09 

8-47 

4-08 

4-86 

6-29 

9-68 

'2- 

2-23 

2-54    3-00 

8-31 

872 

4-82 

6-22 

6-78 

10-50 

|a-i25 

2-87 

270  .  319 

8-62 

3-96 

4-61 

6-58 

7-29 

11-37 

12-25 

2-61 

2-86    3-38 

8-78 

4-21 

4-91 

6*95 

7-81* 

12-25 

2-876 

2-65 

8  02    3-57 

8-94 

4-46 

6-20 

6-81 

8-32 

13-12 

2-5 

2-79 

8-18    8-76 

4-16 

4-70 

6-50 

6-68 

8-84 

14-00 

:  2-625 

2-98 

8-34  .  3-95 

4-38 

4-96 

679 

7-06 

9-88 

14-92 

•  275 

8-07 

8.51  <  4-15 

4-60 

6-21 

6-09 

7-46 

9-98 

16-84 

2-876 

8-21 

3-67    4-84 

4-82 

6-46 

6-89 

7-88 

10-48 

16-76 

8- 

8-85 

3-84    4-54 

6-04 

6-72 

6-69 

8-22 

11-08 

17-68 

8-126 

8-49 

4-00 

4-73 

6-26 

6-97 

7-00 

8-62 

11-60 

18-68 

8-26 

8-68 

4-17 

4-93 

6-49 

6-28 

7-81 

9-02 

12-17 

19-68 

8-876 

8-77 

4-33 

618 

6-72 

6-49 

7-62 

9-42 

12-74 

20-68 

8-6 

8-91 

4-50    5-38 

6-96 

6-76 

7-98 

9-82 

18-82 

21-68 

8-625 

4-06 

4-66  1  5-58 

6^17 

7-01 

8^26 

10-28* 

18-92 

2276 

8-76 

4-19 

4-82    578 

6^40 

7-28 

$•57 

10-66 

14-58 

28-84 

S-876 

4-88 

4-98  1  5-93 

6-62 

7-64 

8^89 

11-06 

16-14 

24-92 

4- 

4*48 

514    6-13 

6-85 

7-81 

9*21 

11-48 

15-76 

26-00 

4-26 

476 

5-46  1  6-54 

7-80 

8-36 

9-86 

12-88 

16-98 

28-18 

4-6 

6-06 

5-79  1  6-95 

776 

8-90 

10-60 

18-19 

18^22 

80-86 

4-76 

6-88 

6-12  !  7-35 

8-20 

9-46 

11-14 

14-07 

19-60 

82*68 

5- 

6-62 

6-45  .  776 

8-66 

10-00 

11-79 

14-96 

20-80 

86-00 

6-26 

6-90 

6-78    8-16 

9  14 

10-66 

12-61* 

16-86 

22^18 

87-40 

66 

6-18 

7-12    8-57 

9-62 

11-10 

18*24 

1677 

28-47 

89-81 

6-76 

6-46 

7-46 

8-98 

10-11 

11*66 

18-94 

1771 

24-86 

42-83 

6- 

6-75 

7-80    9-40 

10*60 

12-22 

14-65 

18-66 

26-26 

44-86 

For  a  nmOar  TtMe,  tee  p.  270. 
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THE  DISCHARGE  OF  WATER  FROM 


TABLE  XlL—1 


BLE  XII.— Buoharge*  from  ike  Primary  Chaniul  in  Oejlrtt  column  qf  TaUe  JOT. 
If  the  dimeusioDB  of  the  primaiy  channel  be  in  inches,  divide  the  discharges 
in  this  tti»>le  by  600  ;  if  in  ^ftrds,  multiply  by  15*6 ;  if  in  quarters,  multiply  ny 
S2 ;  and  if  in  fathoms,  bv  88'2,  Ac. :  see  pp.  243  to  251.  The  final  figures  in 
the  dlschaives  may  be  rejected  when  they  d3  not  exceed  one-half  per  cent., 
or  0-5  in  100.    See  piuraa  267  to  271. 


Depths  of 

Falls,  inclinations,  and  discharge  in  cubic  feet  per  minute. 

a  channel 

Interpolate  for  Intermediate  falls ;  divide  greater  falls  by  4,  and 

whose 

mean 

width  is 

double  the  corresponding  discharges. 

1  inch 

2  inches 

8  inches 

6  Inches 

1  9  inches 

12  inches' 15  inches 

70:- in 

P^r  mile, 

per  mile. 

per  mile, 

per  mile,  per  mile. 

per  mile,' per  mile, 

feet 

Untaaao. 

1  in  31680. 

lin  2112a 

lin  10560. 

lin  7040. 

1  in  5280.  1  in  4i24. 

1 

•125 

47 

72 

93 

189 

175 

205 

233  ' 

•25 

136 

210 

268 

408 

606 

596 

675  ' 

•375 

249 

389 

498 

746 

940 

1105 

1252  1 

•50 

387 

603 

770 

1165 

1454 

1709 

1935  ! 

•625 

541 

849 

1078 

1617 

2036 

2895 

2714  ' 

•75 

714 

1112 

1420 

2128 

2681 

3168 

3573  i 

•876 

900 

1401 

1791 

2685 

3382 

3978 

4507 

1- 

1100 

1714 

2190 

3283 

4134 

4862 

6507 

1-125 

1310 

2042 

2614 

3909 

4927 

6792 

6577 

1-25 

1534 

2384 

3058 

4681 

6766 

6780 

7690 

1-376 

1767 

2757 

3521 

6279 

6661 

7823 

8863 

1-50 

2018 

3142 

4006 

6016 

7588 

8915 

10099 

1^625 

2268 

8540 

4626 

6781 

8541 

10044 

11381 

1^75 

2584 

3950 

6068 

7670 

9537 

11210 

;i2703  1 

1-875 

2812 

4884 

6599 

8886 

10570 

12429 

14083 

2- 

3090 

4821 

6161 

9230 

11628 

13676 

16513  . 

2-125 

3377 

5273 

6738 

10092 

12718 

14956 

16948  • 

2-25 

8674 

6786 

7881 

10981 

18833 

16281 

18435  ' 

2-375 

3977 

6210 

7987 

11889 

14981 

17645 

19960 

2-50 

4293 

6699 

8663 

12829 

16161 

19046 

21534 

2-625 

4616 

7203 

9204 

13800 

17880 

20434 

23135 

2-76 

4947 

7716 

9865 

14782 

18624 

21886 

24800 

2-875 

6280 

8283 

10525 

15773 

19887 

28360 

26473  ; 

3- 

6621 

8762 

11204 

16788 

21166 

24833 

28176 

8-125 

5972 

9310 

11900 

17830 

22454 

26410 

29925  ' 

8-25 

6329 

9862 

12614 

18897 

23780 

27994 

31714  [ 

3-375 

6689 

10420 

13820 

19963 

26145 

29570 

38507  1 

3-50 

7049 

10995 

14048 

21052 

26509 

81262 

35329 

3-625 

7418 

11674 

14785 

22163 

27906 

32860 

37186 

3^75 

7794 

12163 

16526 

28284 

29321 

34479 

39080 

8-875 

8178 

12763 

16283 

24416 

80756 

36170 

41013 

4- 

8566 

13864 

17070 

26692 

32225 

37898 

42954 

4-26 

9355 

14682 

18643 

27936 

36191 

41868 

46916 

4-50 

10173 

15849 

20267 

80366 

38264 

44982 

60973 

4-75 

11001 

17140 

21908 

32818 

41356 

48630 

55102 

5- 

11838 

18454 

23696 

86356 

44546 

62378 

69346 

6-25 

12696 

19802 

25362 

37989 

47795 

66209 

68688 

5-60 

13576 

21172 

27248 

40564 

61097 

60079 

68097 

5-75 

14478 

22580 

29160 

43268 

64478 

64058 

72691 

6- 

15393 

28995 

31122 

45969 

67897 

68082 

77154 

.Fbr  a  nmilar  Takle,  nep,  271. 
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TABLE  XII.— I>'xatkargu  from  the  Primary  Channel  in  the  find  column  qf  TaUe  XL 
If  the  dimensions  of  tho  primary  channel  be  in  inches,  divide  the  diitdiarges 
in  this  table  bv  600 ;  if  in  yards,  multiply  by  15*6,  if  In  quarters,  multiply  by 
32,  and  if  in  fathoms,  by  882.  etc. :  see  pp.  243  to  251.  The  final  figiues  in 
the  diaohaxiges  may  be  rejected  when  they  do  not  exceed  one-half  per  cent* 
or  0*5  in  100.    See  pages  267  to  271. 


Falls,  inclinations,  and  discharges  in  cubic  feet  per  minute. 

Interpolate  for  intermediate  falls :  divide  greater  falls  by  4,  and 

double  the  oonesponding  dlschai;gea. 


IS  inches 
per  mile, 
linS620. 


21  inches  24  inches  27  inches  30  inches  38  inches  86  inches 
per  mile,iper  mile,  per  mile,  per  mile,  per  mile,  per  mile, 
1  in  3017.  1  in  2640.  1  in  2347. 1  in  2112.  1  in  1920.  1  in  1760. 


258 

281 

303 

323 

343 

362 

748 

815 

877 

986 

993 

1049 

1887 

1511 

1627 

1736 

1843 

1952 

2145 

2336 

2515 

2684 

2852 

8023 

3004 

3274 

3527 

3753 

4021 

4207 

8957 

4311 

4645 

4966 

5287 

5553 

4991 

5422 

5859 

6274 

6650 

6992 

6097 

6622 

7159 

7631 

8107 

8540 

7266 

7920 

8531 

9124 

9660 

10200 

8514 

9284 

9995 

10658 

11318 

11928 

9816 

10697 

11539 

12307 

13045 

13741 

11182 

12185 

13152 

14007 

14862 

15656 

12601 

13730 

14821 

15786 

16750 

17657 

14069 

15331 

16525 

17616 

18700 

19698 

15593 

16997 

18306 

19517 

20728 

21840 

17157 

18697 

20141 

21469 

22803 

24017 

18766 

20446 

22030 

23480 

24938 

26269 

20410 

22247 

23965 

25547 

27129 

28578 

22104 

24087 

25947 

27662 

29396 

80984 

23848 

25988 

27992 

29841 

31701 

83381 

25669 

27953 

30100 

32069 

34086 

85910 

27479 

29933 

32247 

34384 

36512 

38471 

29318 

31947 

34408 

36697 

38958 

41055 

81206 

34002 

36624 

39050 

41464 

43680 

38141 

36112 

38897 

41482 

44048 

46398 

35126 

38266 

41223 

43954 

46672 

49174 

37109 

40438 

43556 

46438 

49330 

51951 

39140 

42631 

45925 

48963 

51993 

64775 

41184 

44872 

48343 

51537 

64728 

67659 

43273 

47158 

50807 

54162 

57514 

60585 

45407 

49468 

53300 

56840 

60341 

68560 

47551 

51818 

65882 

59414 

68200 

66576 

51911 

56586 

60973 

64974 

69013 

72694 

56448 

61508 

66176 

70623 

75017 

79017 

61014 

66500 

71625 

76408 

81097 

85426 

65713 

71628 

77140 

82250 

87351 

92015 

70509 

76863 

82779 

88200 

93731 

98729 

75383 

82159 

88434 

94344 

100200 

105560 

80379 

87590 

94348 

100616 

106828 

112540 

85407 

93093 

100275 

106911 

118505 

119616 

380 

1100 

2087 

3155 

4414 

5817 

7342 

8974 

10693 

12520 

14479 

16448 

18562 

20696 

22944 

25242 

27601 

30027 

32512 

35096 

37725 

40415 

43135 

45896 

48747 

61664 

54586 

67550 

60580 

63656 

66784 

69961 

76883 

82994 

89767 

96663 

103745 

110906 

118254 

125664 


Depths  of 

a  channel' 

whose 

mean 

width  is 

70:— in 

feet 


•125 
•25 
•875 
.50 
•625 
•75 
•875 
1- 

1-125 
1-25 
1-875 
1-50 
1-625 
1-75 
1-876 
2- 

2125 
2-25 
2-375 
2-50 
2-625 
2-75 
2-875 
8- 

3125 
8-25 
3-875 
8-50 
8-625 
3-75 
3-876 
4- 

4-25 
4*50 
4-75 
6^ 

6*25 
6-50 
6-76 
6- 


For  a  dmilar  TaUe,  eeef.  27L 
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THE  DISCHARGE  OF  WATER  FROM 


TABLE  XIII.— The  Square  BoaU  qf  the  fftk  power*  qf  nmmbtrt  for  JbuUmff  tko 
DiatuUr  t^f  a  Pwe,  or  iimemaioM»  qf  a  ChannHfrom  the  IXaeAarye,  or  tktBeverteg 
tkowing  tht  relahve  Di9dUuyimg  Fower*  qfpipe*  qfdiforenl  Diamtetert,  amd  if  amy 
giwUlar  CkanHel*  whatetor^  eiooed  or  open.  See  peges  17,  18,  245,  etc.— If  d  be 
the  diameter  of  a  pipe,  ia  feet,  and  d  the  disehazige  in  cubic  feet  per  minube^ 
then  for  long  atraight  pipes  we  shall  have  for  velocities  of  neany  3  feet  per 

second,  d  =  2400  (d\fi,  and  ii  =  '044^^y;  orifobetbe  dischazge  per 
aecond,  d  =  40  (A)^,   and  4  =   "228  (y\\ 


Relative 
dimen- 
sions or 

Relative 
discharg- 

ReUtive 
dimen- 
sions or 

Relative 
discbaig- 

i  Relative 
1   dimen- 
sions or 

^^'     sionsor 

Relative 
discharg- 

diameters 

ing 

ing 

diameters 

ing 

1  diameters 

ing 

of  pipes. 

powers. 

of  pipes. 

powers.  ; 

of  pipes. 

powers 

-  i  of  pipes. 

powers. 

•25 

•081 

10-5 

357-2 

30-6 

6138 

•         61- 

29062- 

•5 

•177 

11- 

401-3 

31- 

5361 

■1       62- 

80268- 

•75 

•485 

11-5 

448-5 

31-5 

5569 

68- 

31603- 

1- 

1- 

12- 

498-8 

82- 

5793 

•:       64- 

32768- 

1-25 

1-747 

12-5 

562-4 

32-5 

6022 

-i       66- 

84063- 

1-6 

2-766 

13- 

609-3 

33- 

6266 

66- 

36388- 

175 

4-061 

13-5 

669-6 

33-5 

6496 

67- 

36744- 

2- 

6-667 

14- 

733-4 

34- 

6741 

68- 

88181 ■ 

2-25 

7-594 

14-5 

800-6 

34-5 

6991 

69- 

39548' 

2-5 

9-882 

15- 

871-4 

35- 

7247 

70- 

40996- 

2-75 

12-641 

15-5 

946-9 

36-5 

7609 

71- 

42476- 

3- 

15-688 

16- 

1024- 

36- 

7776 

72- 

43988- 

8-25 

19-042 

16-5 

1105-9 

36-5 

8049 

73- 

45531- 

3-5 

22-918 

17^ 

1191-6 

87- 

8327 

74^ 

47106- 

3-75 

27-282 

17-5 

1281-1 

37-6 

8611 

•        75- 

48714- 

4- 

82- 

18- 

1374-6 

38- 

8901 

•1      76- 

50354- 

4-25 

37-24 

18-5 

1472-1 

38-5 

9197 

77- 

62027- 

4-5 

42-96 

19- 

1673-6 

39- 

9498 

78- 

53732 • 

4.75 

49-17 

19-5 

1679-1 

39-5 

9806 

79- 

55471• 

6^ 

55*90 

20- 

1788-9 

40- 

10119 

80- 

57243- 

6-25 

68  15 

20-5 

1902-8 

41- 

10764 

81- 

59049- 

5-5 

70-94 

21- 

2020-9 

42- 

11482 

82- 

60888' 

6-75 

79-28 

21-5 

2148-4 

43- 

12126 

83- 

62762- 

6- 

88-18 

22- 

2270-2 

44- 

12842 

84- 

64669- 

6-25 

97-66 

22-5 

2401-4 

45- 

13584 

85- 

66611- 

6-5 

107-72 

23  • 

2537- 

46- 

14361 

86- 

68688- 

6-75 

118-38 

23-6 

2677-1 

47- 

16144 

87- 

70699' 

7- 

129-64 

24- 

2821-8 

48  • 

15963 

88- 

72645' 

7-25 

141-68 

24-5 

2971-1 

49- 

16807 

89- 

74727- 

7-5 

154  05 

25- 

3125- 

50- 

17678 

;      90- 

76848- 

7-75 

167-21 

25-5 

3283-6 

61- 

18676 

"       91- 

78996- 

8- 

181-02 

26* 

3446-9 

52- 

19499 

92- 

81184' 

8-25 

196-50 

26-5 

3616  1 

63- 

20450 

98^ 

83408' 

8-5 

210-64 

27- 

3788- 

54- 

21428 

i      94- 

85668- 

8^75 

226-48 

27-5 

3965-8 

55-     ' 

22434- 

1      95- 

87965- 

9- 

243* 

28- 

4148-5 

56- 

23468- 

1      96^ 

90298- 

9-25 

260-23 

28-5 

4336-2 

67  • 

24529- 

97- 

92668- 

9-5 

278  17 

29- 

4628-9 

58- 

25620- 

98- 

95076 

9-75 

296-83 

29-5 

4726-7 

59- 

26788- 

1       99- 

97519- 

10- 

816-23    ; 

1 

80- 

4929-5 

60- 

27886- 

100- 

100000' 

See  Tables  at  pp.  28  and  29. 
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TABLE  XlV.^Weights  and  Measures,  English  and  French^  with 

their  relative  values. 

MEASUBSS  OF  LENGTH. 

12  incheff 1  foot. 

7*92  inchea 1  link. 

8  feet 1  yard. 

5i  yards    »  16)  feet 1  pole  or  perch. 

100  links      s     22  yards 1  chain  s  4  perches. 

40  perches  s  220  yards 1  furlong. 

8  furlongs « 1760  yards         ....  1  mile. 

6  feet       .        . 1  fathom. 

120  fathoms 1  cable's  length. 

1  Nautical  mile 60827  feet 

69*12  miles 1  Geographical  deg. 

8  miles 1  league. 

The  Irish  perch  is  21  feet^  or  seven  yards.  Three  inches  make  a 
palm ;  4  inches  a  hand ;  6  feet  a  pace.  In  cloth  measure  2^  inches 
a-1  nail;  4  nailssl  quarter;  4  quarterssl  yard.  11  Irish  miles  = 
14  English. 

XEASTTRES  OF  8UBFACK* 

144  square  inches 1  square  foot. 

62*7264        „ 1  square  link. 

9  square  feet 1  square  yard. 

80J  square  yards  »    272^  square  feet    .        .    .  1  square  perch. 

10,000  square  links    —  4,856  „  .        .  1  square  chain. 

10  square  chains  «     160  square  perches       .     .  1  acre. 

1  rood  =     210  square  yards      •        .  40  perches. 

4  roods  «  4|840         -„  .        .    .  1  acre. 

640  acres  *  8,097,600    „  .        .  1  square  mile. 

The  Irish  perch  is  49  square  yards,  or  441  square  feet ;  1  Irish  acre 
ss  la.  2r.  19'17p.  statute ;  and  1  statute  acre  »  Oa.  2r.  18*77p.  Irish. 
The  Irish  acre  is  to  the  ^iglish  acre  as  196  is  to  121.  100  square  feet 
is  a  square  of  roofing,  slating,  or  flooring.  The  Cunningham  acre  is 
B  la.  Ir.  6*61p.  English ;  and  1  English  acre  is  =  Oa.  8r.  8*904p, 
Cunningham  measure. 


488  THE  DISCHARGE  OP  WATER  FROM 

Table  XW.^CcffUinued. 

CTBIO  MEASXTBEi,  AND  MEASURES  OP  CAPACITY  AKD  WEIGHT. 

1728  cubic  inches 1  cubic  foot. 

27  cubic  feet 1  cubic  yard. 

16 J  X   H  X  1  =2476  cubic  feet        .        .    1  perch  of  masoury. 
16^x161x11=:    S06  cubic  feet    .        .     .     1  rod  of  brickwork. 
21   X   1)  X 1  a.    80}  cubic  feet       .        .    1  Irish  perch  of  masonry. 
The  standard  gallon,  imperial  measure,  contains  10  lbs.  ayoirdupois, 
of  distilled  water  at  62^  Fahrenheit,  the  barometer  standing  at  30 
inches. 

6*232  gallons 1  cubic  foot. 

8*665  cubic  inches         .        .        .     .    1  gill. 

4  gills  84*659  cubic  inches .        .        .1  pint. 

2  pints  69*818  cubic  inches    .        .    .    1  quart. 

2  quarts  188*687  cubic  inches     .        .     1  pottle. 

2  pottles  277*274  cubic  inches        .    .    1  gallon. 

2  gallons  554*548  cubic  inches    .        .    1  peck. 

4  pecks  2218*191  cubic  inches  .  .  1  bushel. 
The  old  Irish  gallon  contained  217 '6  cubic  inches,  nearly,  and  1  Irish 
gallon  is  therefore  »  *7850  imperial  gallon.  The  Irish  barrel  of  lime 
still  measures  40  Irish  gallons,  or  81*821  imperial  gallons,  or  4  bushels, 
yeiy  nearly.  It  is  measured  by  a  cylindrical  measure  12  inches  high, 
and  about  21}  inches  in  diameter,  containing  half  the  Irish  barrel.  In 
the  old  English  liquid  measures  for  ale  and  beer,  86  gallons  »  1  barrel 
=  36  gallons,  8}  quarts,  imperial  measure,  nearly. 

For  old  dry  measures,  82  bushels  =  1  chaldron  »  81  bushels,  1  pint, 
imperial  measure,  nearly. 

And  86  bushels  of  coal  »  1  chaldron  of  coal  =  84  bushels,  3  pecks, 
and  1  gallon,  imperial  measure.  The  Irish  barrel  of  wheat  is  20  stone  ; 
barley,  16  stone  ;  oats,  14  stone. 

TEOY  WEIGHT. 

24  grains 1  pennyweight. 

20  pennyweights      .        .        .    .    1  ounce. 

12  ounces 1  pound. 

One  pound  Troy  =■  22*816  cubic  inches  of  distilled  water,  barometer 
0  inches ;  thermometer  62^. 
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afotbecart's  weight. 

20  Troy  grains 1  scruple. 

8  scruples 1  drachm. 

8  drachms 1  ounce. 

12  ounces 1  pound. 

The  ounce  weighs  480  grains,  and  the  pound  5760  grains,  both  in 
Troy  and  Apothecary's  weight. 


ATOIRDUPOIS  OR  COMMERCIAL  WEIGHT. 

One  pound  Avoirdupois  =  27*7274  cubic  inches,  when  the  barometer 
stands  at  SO  inches,  and  Fahrenheit's  thermometer  at  62°. 
16  drachms  =       437'5  Troy  grains         .     1  ounce. 
16  ounces     =    7,000     Troy  grains    .    .     1  pound. 
14  pounds    =  98,000     Troy  grains         .    1  stone. 
8  stone      =       112  pounds      .        .    .     1  cwt. 
20  cwt        =    2,240  pounds  ...     1  ton. 
One  pound  Troy  =  '82286  pounds  Ayoirdupois,  and  one  pound 
Aroirdnpois  is  equal  to  1*2158  pounds  Troy.    One  ton  of  water  con- 
tains about  86  cubic  feet,  equal  to  224  imperial  gallons,  nearly.    Ten 
pounds  of  distilled  water  is  equal  to  one  gallon,  the  barometer  and 
thermometer  being  as  aboye  stated. 


FRENCH  MEASURES  AND  WEIGHTS  COMPARED  WITH 

ENGLISH. 


MEASURES  OF  LENGtA. 


1  m^tre 

1  decimetre     .    . 

1  centimetre. 

1  millimetre    .    . 

1   kilometre    (or 


8*2808992  feet 
-8280899 
'0328090 
-0032809 


»> 
»» 


I 


>» 


621888  mile 


1  foot  English   -8047945  metro 
linch   .        .    '0258995 
lyard      .     .    '9148885 
1  perch  5i  yds.  5*0291092    „ 
Imile   .        •    1*60982  kilometre 


>> 
)» 


1000  metres) 

1000  metres  s  100  decimetres  »  10  hectometres  »  1  kilometrs  s 
3280*849  feet.  The  metre  is  the  10,000,000th  part  of  a  quadrental  aro 
of  the  meridian  or  89*3708  inches  English. 
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Table  JlY.^Conlirviud. 


MEA8URES  OF  SURFACE. 


119-6033  sq.  yds 
11-9603 


1-1960 


f> 


f> 


■{' 


1  are 
1  declare 
centiare  or  sq. 
m^tre. 


'^^X     !  10-7648  «!.  ft. 

1  declare      .        .  107*6430    „ 
1  are  .     .  1076-430    „ 

100  ares  »  10  declares  '^  1  hectare  =  2*471143  Kngllah  acres,  and  17 
hectares  are  nearly  equal  to  42  English  acres. 

The  old  Paris  foot  is  equal  1*06578  English  feet ;  the  French  inch  = 
1*06578  English  inches  ;  the  French  line  '08862  of  an  English  inch  ; 
the  toise  is  equal  to  6  French  feet  =  76*736  English  inches  »  6*39468 
feet.  The  perch  is  18  French  feet ;  and  the  perch  royal  22  French 
feet  The  IVench  square  foot  or  inch  =  1 '13581  English  square  feet  or 
inches,  and  the  cubic  foot  or  inch  =  1*21061  English. 

MEASURES  OF  SOLIDITY  AND  CAPACITY. 

Cubic  feet. 
Imillistere.        .        .     -0353166 
1  centistere    .        .     .     '358166 
1  decistere  .  .  3*53166 

1  stere  (one  cubic  m^tre)  35*3166 
1  decastere     .        .    353*166 
1  hectostere       .     .  3531*66 
1  kilostere      .  35816*6 

The  stere  and  kilolitre  are  each  a  cubic  m^tre,  and  the  litre  is  a 
cubic  decimetre ;  50  litres  are  nearly  11  English  gallons,  and  1  hecto- 
litre 2-751207  English  bushels. 


Eng.  cub.  in. 

1  millilitre  . 

.     -0610279 

1  centilitre 

.     .     -610279 

1  decilitre  . 

.  6*10279 

1  litre 

61*0279 

1  decaliti-e 

.    610*279 

1  hectolitre 

.     .  6102-79 

1  kilolitre 

61027*9 

MEASURES  OF  WEIGHT. 


'0648  gramme  =  1  grain,  and  7000  grains  *=  1  lb.  Avoirdupois. 


1  milligramme  . 
1  centigramme  . 
1  decigramme  . 
1  gramme 


-015432  grains 
*15432 
1*5432 
15*432 


1  gramme        .  15*432  grains 
1  decagramme        *022051b.  avoir. 
1  hectogramme      '2205 
1  killogramme     2 '2046 


19 


1*01605  tonnes  =  1  ton  :  and  1  tonne  »  *984206  ton. 
A  gramme  is  the  weight  of  a  cubic  centimetre  of  water  and  its 
maximum  density  in  vacuo :  1  kilogramme  «  2*6795  lbs.  Troy  «  2*2046 
lbs.  Avoirdupois.     1  metrical  quintal  220*46  lbs.  Avoirdupois,  and  10 
quintals  is  equal  to  the  weight  of  a  cubic  m^tro  of  water. 
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Table  XlY.—ConHnued, 


CIRCULAR  FRENCH  AND  BRITISH  DIYI8ION8. 

1*  circular  measore  French  »     *9  degree  Britifih. 

,     .    .  -9x60 

1  minute  »        ,^/.        =   '54  British  minutes. 


,1  second 


/ 


1**  circular     s 


100 

•9  X  60  X  60 

100  X 100 

'  100 
90 


)  I  minute        = 


1  second        = 


100 


100 
•9x60 


-9x60 
French  minutes. 

^  100  _    100x100 
60        '9x60x60 
=s  ZJi  seconds. 


-824  British  seconds. 

=  1-i  =  li  French 

=     1-851    =    111 


s  3-08642  =  8j|k 


TO  REDUCE  FRENCH  TO  BRITISH  CIRCULAR  MEASURES  AND  THE 

REVERSE. 

Put  n   SB  number  of  British  degrees,  Ac.  and  fw  »  IVench,  Ac. 
Then  n.  s  «,  .  ^sndnr  «  fu  +-—  • 

Example  1.    Given  809*  57'  90"  French.    Beduoe  to  British 

809 -57 '90 
deduct  one-tenth     80*95-79 


»u      • 


278***62-ll  in  dedmsl  measures  English 
60 


87*2660    English  minutes  and  decimals 
60 


15-9600    English  seconds  and  decimals. 
[  Ans.  278''-87''15'-96  according  to  the  sexagesimal  division. 
Example  2.    Keduce  278*  :  87' :  15"*96  British  to  French. 
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Table  XIV. — CwUinucd. 

Make  the  seconds  decimal  parts  of  the  minates  by  dividing  tliem  b  j 
6  and  multiplying  by  10.  This  then  becomes  278''-37''266.  In 
degrees,  minutes,  and  decimals  of  a  minute.  Make  now  the  minutea 
into  degrees  and  decimals  of  a  degree  by  dividing  (hem  by  6  and 
multiplying  by  10.    The  last  figures  then  become 

278*'*6211 -English  degrees  and  decimals 
Add  one-ninth        80  *9579 


309  -5790. 
Decimal    809''  57'  90'  French  measure. 
And  so  on  for  others. 


FRENCH  MEASURES  COMPARED  WITH  ENGLISH. 

1  MftTRE»8'281  feets=  89*871  inches- 1*0986  yds.  ==  •1988  perch. 
1  SQUARE  MftTRE=10'764  sq.  feet= 1*196  yds. » '08954  sq.  perdu 
1  FOOT=  '8048  m^tre  and  1  inchs  "0254  m^tre. 
1  SQUARE  FOOT  ='0929  sq.  m&tre. 
1  PERCH  164  feet— 5*029  metres. 
1  SQ.  PERCH  272^  ft.  =  25*292  sq.  m^tres=3  80i  sq.  yds. 
(  Are =100  sq.  metres  =8*954  sq.  perches. 

\  A.  R.    P. 

(  Hectare—100  ^ret=895'4  perchess2  1  85*4. 
1  lb.  avoirdupois  a  *4536  kilogramme. 
Litre = cubic  decimetre— 1*76  pint—  *22  gallon. 
Decalitre— 2*2  gallons =1*1  peck 
Hectolitres  22  gallons =11  pecks =2*75  bushels. 
Kilogramme  =  weight  of  one  cubic  decimetre  of  distilled  water 
—  2*2046  lbs.  avoirdupois  =  2*679  troy   pounds  =  15482 '8{r 
grains. 
1000  kilogrammes =2204*6  lbs. = nearly  1  ton  Brilish,  is  called 

a  MiLUER  or  Tonne =19*68  cwt 
Kilogramme =1000  grammes— 10,000  decigrammes. 

7000  grains = 1  lb.  avoir.    487  *5  grs. — 1  oz.  avoir. 
5760  grains— 1  lb.  troy.    480  grs.  =  1  oz.  troy. 
Force  of  gravitt  ^=9*809  mitres— 82*18  feet 
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Ti3LE  Xiy.-^CotUinutd, 

/LengthofapendulTimi 

<  Yibratmg  seconds         >  3=  89  *18  inches  =  "994  m^tre. 
\  Latitode  of  Paris         J 

SMean  barometer  at  80  inches »  76 '2  centimetres. 
1  cubic  foot  of  air  weighs  586  grains  or  1*23  ozs.  ayoirdupois  s 
1  '1  oz.  troy. 
V  Average  height  of  an  atmosphere  of  eqnal  density  about  5  miles. 
/  Thermometers  9**  Fahrenheit  =:  5'  centigrade =4°  Reaumur.* 

<  Freezing  point   82"  Fahrenheit »    0""  centigrade »  0**  Reaumur. 
( Boiling  point   212*        „  -100''        „        =80' 


i 


Bollixig  water. 


I 


Freesing  water. 


^  increase  or  decrease  in  volume  of  a  gas  for  each  degree  centigrade. 
^  increase  or  decrease  in  volume  of  a  gas  lot  each  degree  Fahrenheit. 
10  lbs.  of  distilled  water  a^l  gallon. 
62-82  lbs.  of  distilled  water »!  cube  foot 
1  cubic  foots  6*282  gallons. 

lOO""  French = 90^*  British.    French  division  1^  « 100  minutes^ 
1  minutes  100  seconds. 
<     I    100  minutes  French =54  minutes  British, 
g    I    100  seconds  French=82'4  seconds  British.     Or 
S     I    r  French*  •9*  British. 
'^    ■    1'  French --54  British. 

l"FTench= -824  British. 
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TABLS  T7.    Bkiximg  tkt  WtigU,  Bpxyii;  i 


...i  Oatticlh  tf 
Win  mt^btOt 


lUTEBIALB. 

1 

■8^ 

h 

■ 

Acula,  mvUih  Onmtb     . 

ll.»0 

1,IM,«00 
1.600,000 
8,000  000 

i:86o;ooo 

400.000 

1,870,000 
l.l»0,000 

TM^OOO 

£.100,000 
1,100  000 
eiooolooo 

1T,!70,000 
18,080,000 

"as 

'•S:S 

S,SM,000 
1,150.000 

a,  160,000 
1,100,000 

3.380.000 
970;000 
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Humberts  New  Work  on  Water-Supply, 

A  COMPREHENSIVE  TREATISE  on  the  WATER-SUPPLY 
of  CITIES  and  TOWNS.  By  William  Humber,  Assoc.  Inst. 
C.E.,  and  M.  Inst.  M.E.  Author  of  **Cast  and  Wrought  Iron 
Bridge  Construction/'  &c  &c.  This  work,  it  is  expected,  will  con- 
tain about  50  Double  Plates,  and  upwards  of  300  pages  of  Text 
Imp.  4to,  half  bound  in  morocco.  [In  the  press. 

*«*  In  accumulating  informcttum  for  this  volume^  the  Author  has 
been  very  liberally  assisted  by  several  professional  friends,  who  have 
made  this  department  of  engineering  their  special  study.  He  has  thus 
been  in  a  position  to  prepare  a  work  which,  within  the  limits  of  a 
single  volume,  will  supply  the  reader  with  the  most  complete  and 
reliable  information  upon  all  subjects,  theoretical  and  practical,  con- 
nected  with  water  supplv.  Through  the  kindness  of  Messrs.  Ander* 
son,  Bateman,  Ilawksiey,  Hontersham,  Baldwin  Latham,  Lawson, 
Milne,  Quick,  Rawlinson,  Simpson,  and  others,  several  works,  con^ 
structed  and  in  course  of  construction,  from  the  designs  of  these  gentle* 
men,  will  be  fully  illustrated  and  described, 

AMONGST  OTHBB  IMPORTANT  SUBJECTS  THB  POLLOWING  WILL  BB  TSBATBD 

IN  THE  TEXT  :— 

Historical  Sketch  of  the  means  that  have  been  proposed  and  adopted  for  the  Supply 
of  Water.— Water  and  the  Foreign  Matter  usuaUy  associated  wiui  it — Rainfall  and 
Evaporation.— Springs  and  Subterranean  Lakes.— Hydraulics.— The  Selection  of 
Sites  for  Water  Works.— Wells.— Reservoirs.— Filtration  and  Filter  Beds.— Reserv(»r 
and  Filter  Bed  Appendages. — Pumps  and  Appendages.— Pumping  Machinery.-* 
Ctilverti  and  Conduits,  Amieducts,  Svphons,  &c. — Distribution  of  Water.— Water 
Meten  and  general  House  Fittings. — Cost  c^  Works  for  the  Supply  of  Water.— Con- 
stant and  Intermittent  Supply.— Suggestions  for  preparing  Plans.  &c.  &c.,  together 
with  a  Description  of  the  numerous  Works  illustrated,  viz : — Aberdeen,  Bioeford, 
Cockermouthp  Dublin,  Gla^;ow,  Loch  Katrine,  Liverpool,  Manchester,  Kotherham, 
Sunderland,  and  tereia  others ;  with  copies  of  the  Contxact,  Drawings  and  Specifi- 
cation in  each  case. 


WORKS  PUBLISHED  BY  LOCKWOOD  &  CO. 


Humbers  Modern  Engineering.     First  Series. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER- 
ING, 1863.  Comprising  Civil,  Mechanical,  Marine,  Hydraulic, 
Railway,  Bridge,  and  other  Engineering  Works,  &c.  By  William 
HuMBERy  Assoc.  Inst  C.E.,  &c.  Imp.  4to,  with  36  Doable 
Plates,  drawn  to  a  large  scale,  and  Photographic  Portrait  of  John 
Hawkshaw,  CE.,  F.R.S.,  &c     Price  3/.  3J.  half  nx>rocco. 

List  0/ the  Plates. 

NAME  AND  DBSCSIPTION.  rLATBS.  KAMB  OP  RNGINKB3L 

Victoria  Station  and  Roof— L.  B.&  S.  C  Rail      x  to  8  Mr.  K.  Jacomb  Rood,  CE^ 

Southport  Pier 9  and  xo  Mr.  James  Bnmlees,  C£. 

Victoria  Station  and  Roof— L.  C.  &  D.  &G.W. 

Railways    xztoxsA  Mr.  John  Fowler,  C.E. 

Roof  of  Cremome  Music  Hall x6  Mr.  William  Humber,  C.E. 

Bridn  over  G.  N.  Railway xj  Mr.  Joseph  Cubitt,  C£. 

Roofof  Station— Dutch  Rhenish  Railway  . .  x8andz9  Mr.  Euschedi,  CE. 

Bridge  over  the  Thames— West  London  Ex- 
tension Railway ao  to  34  Mr.  William  Baker,  C.E. 

Armour  Plates 35  Mr.  James  Chalmers,  CE. 

Suspension  Bndge,  Thames 96  to  29  Mr.  Peter  W.  Barlow,  C.E. 

llie  Allen  En^ne   30  Mr.  G.  T.  Porter,  M.E. 

Suspension  Bndge,  Avon 31  to  33  Mr.  John  Hawkshaw,  CE. 

and  W.  H.  Barlow  CE. 

Undeiground  Railway 34  to  36  Mr.  John  Fowler,  C£. 

With  copious  Descriptive  Letterpress,  Specifications,  &c. 


*'  Handsomely  lithographed  and  printed.  It  will  find  favour  widi  many  who  desire 
to  preserve  in  a  permanent  form  copies  of  the  plans  and  specifications  prepaxed  for  the 
gmdance  of  the  contiactois  for  many  in^iortant  engineering  woiks.**— iSif/MMirr. 

Humberts  Modern  Engineering.    Second  Series. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER- 
ING,  1S64 ;  with  Photographic  Portrait  of  Robert  Stephenson, 
CE.,  M.P.,  F.R.S.,  &c     Price  3/.  y,  half  morocca 

List  of  the  Plates. 

NAMB  AND  DESCmPTION.  PLATBS.  HAMS  OF  RMCINESR. 

Birkenhead  Docks,  Low  Water  Basin  x  to  xs  Mr.  G.  F.  Lyster,  CE 

Charing  Cross  Station  Roof— C  C  Railway.  16  to  x8  Mr.  Ha^'kshaw,  CE. 

Digswell  Viaduct— Great  Northern  RaQway.         19  Mr.  J.  Cafaitt,  CE. 

Robbery  Wood  Viaduct— Great  N.  Railway.         ao  Mr.  J.  Cubitt,  CE. 

Iron  Permanent  Way 3o«  — — 

Clydach  Viaduct — Merthyr,  Tredegsr,  and 

Abera[avenny  Railway  ax  Mr.  Gardner,  CE. 

Ebbw  Viaduct       ditto       ditto       ditto  n  Mr.  Gardner,  CE. 

CoU^  Wood  Viaduct— Cornwall  Railway . .         23  Mr.  Brunei. 

Dubhn  Winter  Palace  Roof 24  to  26  Messrs.  Ordish& Le Feuvre. 

Bridge  over  the  Thames— L.  C  &  D.  Railw.  37  to  3s  Mr.  J.  Cubitt.  CE. 

Albert  Harbour,  Greenock  33  to  36  Mesva.  Bell  ft  Miler. 

With  copious  Descriptive  Letterpress,  Specifications,  &c 


«« 


A  rfjuTM/of  an  the  more  interestbg  and  imfMntant  works  latdy  coamleted  in  Great 
Britain ;  and  containing,  as  it  docs,  carefully  executed  drawings,  wita  fuB  working 
details  will  be  found  a  valuable  accessory  to  the  profession  at  ^i^t^'—'Engmnr. 

**yL.t.  Humber  has  done  the  profession  good  and  tme  aerrioe,  by  die  Ifaw  caBcctfcm 
of  examples  he  has  here  brought  before  the  profession  and  the  \iiatiacJ''-^fmcticml 


1 

\ 


WORKS  PUBLISHED  BY  LOCKWOOD  &  CO. 


Humberts  Modem  Engineering.    Third  Series. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER- 
ING, 1865.  Imp.  4to,  with  40  Double  Plates,  drawn  to  a  large 
scale,  and  Photographic  Portrait  of  J.  R.  M 'Clean,  Esq.,  late  Pre- 
sident of  the  Institution  of  Civil  Engineers,  Price  3/.  y.  half 
morocco. 

ZJst  of  Plata  and  Diagrams. 


MAIN  DRAINAGE,  METROPOLIS. 
North  Sidb. 

Map  showing  Interception  of  SewersL 

Middle  Level  Sewer.    Sewer  under  Re- 
gent's Canal. 

Middle  Levd  Sewec  Junction  with  Fleet 
Ditch. 

Out&dl  Sewer.    Bridge  over  River  Lea. 
Elevation. 

Outfall  Sswer. 
Details. 

Outfall  Sewer. 
Details. 

Ontfidl  Sewer. 


Bridge  over  River  Lea. 
Bridge  over  River  Lea. 


Bridge  over  Marsh  Lane, 

North  Woolwich  Railway,  and  Bow  and 

Barking  Railway  Junction. 
Outfall  Sewer.      Bridge   over   Bow  and 

Baridng  Railway.     Elevation. 
Outfidl    Sewer.     Bridge  over  Bow  and 

Barking  Railway.    Details. 
Outfall  Sewer.     Bridge  over  Bow  and 

Barking  Railway.    Details. 
Outfall  Sewer.    Bridge  over  East  London 

Waterworks*  Feeder.    Elevation. 
Out&U  Sewer.    Bridge  over  East  London 

Waterworks'  Feeder.    Details 
Outfall  Sewer.    Reservoir.    Plan. 
Out&il  Sewer.    Rescrvmr.    Section. 
Outfidl  Sewer.  Tumbling  Bay  and  Outlet 
Outlall  Sewer.    Penstocks. 


South  Sidb. 

Outfall  Sewer.  Bennondsey  Bnoich. 

Outfall  Sewer.  Bennondsey  Branch. 

Outfall  Sewer.  Reservoir  and   Outlet 
Plan. 


MAIN  DRAINAGE.  METROPOLIS, 

Outfall  Sewer.    Reservoir  and  Outlet 

Details. 
Outfisil  Sewer.     Reservoir  and  Oudet 

Details. 
Outiall  Sewer.     Reservoir  and  Outlet 

Details. 
Outfall  Sewer.    FUth  Hoist. 
Sections  of  Sewers    (North  and  South 

Sides). 

THAMES  EMBANKMENT. 

Section  of  River  WalL 

Steam-boat  Pier,  Westminster.  Elevation 

Steam-boat  Pier,  Westminster.    Details. 

Ti-ayHliffg  Stairs  between  Charimg  Cros 
and  Waterloo  Bridges. 

York  Gate.    Front  Elevation. 

York  Gate.    Skie  Elevation  and  Details. 

Overflow  and  Outlet  at  Savoy  Street  Sewer. 
Details. 

Overflow  and  Outletat  Savoy  Street  Sewer. 
Penstock. 

Overflow  and  Outletat  Savoy  Street  Sewer. 
Penstock. 

Steam-boat  Ker,  Waterloo  Bridge.  Eleva- 
tion. 

Steam-boat  Pier,  Waterloo  Bridge.    De- 
tails. _ 

Steam-boat  Pier,  Waterioo  Bridge.    De- 
tails. 

Junction  of  Sewers.    Plans  and  Sections. 

Gullies.    Plans  and  Sections. 

Rolling  Stock. 

Granite  and  lum  Forts. 


With  copious  Descriptive  Letterpress,  Specifications,  &c. 


OpimoHS  of  the  Press, 

"  Mr.  Humbei's  works— MpccSallr  his  annual  '  Record.'  with  whidi  so  many  of  oui 
readers  are  now  familiar— fill  a  void  occupied  by  no  other  branch  of  liteiatuie.  .  .  ^ 
The  drawings  have  a  constantly  incrwwmg  value,  and  whoever  desires  to  pouess  dear 
representations  of  the  two  great  works  carried  out  by  our  Metiopohtan  Board  wiU 
obtain  Bir.  Humberts  last  voTume."— ^i«r*«»»'»V« 

••  No  engineer,  architect  or  contractor  should  fail  to  preserve  these  records  of  worics 
which,  for  magnitude,  have  not  their  pandlel  in  the  present  day,  no  studoit  m  the 
profession  but  should  caiefully  study  the  deiaibof  these  great  works,  which  he  may  be 
one  day  called  upon  to  imitate."— ilf«cAa«*f'#  MmgoMifu. 

"  A  woik  highly  creditable  to  the  industry  of  its  author.  ....  The  vota»b  quite 
an  encydoiMedia  for  the  study  of  the  ttodent  who  desins  Id  maaUs  the  sabiect  ^ 
muni^iaS^iffe  oa  tH  icilo  of  giwtat  deTelopment"-/'nic/»r«/  Miehantc's. 
jownuu. 
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— ■-|__w _  ^m       I  ■   ■ " 

Humberts  Modern  Engineering.    Fourth  Series. 

A  RECORD  of  the  PROGRESS  of  MODERN  ENGINEER- 
ING,  1866.  Imp.  4to,  with  36  Double  Plates,  drawn  to  a  large 
scale,  and  Photographic  Portrait  of  John  Fowler,  Esq.,  President 
of  the  Institution  of  Civil  Engineers.    Price  3/.  31.  hall-morocco. 

Lift  of  the  Plates  and  Diagrams, 

MAKB  AND  DBSCRIPTION.  PLATES.  NAMB  OP  BKGIKESa. 

Abbey  Mills  Pumpiog  Station,  Main  Drainage, 

Metropolis 1104  Mr.  Bazaleette,  CE. 

Bartow  Docks 5  to  9  Messrs.  M*Clean  &  Sullnian, 

Manmiis  Viaduct,  Santiago  and  Valparaiso  [C.E. 

Railway zo,  zi  Mr.  W.  Loyd,  CE. 

Adams'  Locomotive,  St  Helen's  Canal  Railw.  zs,  Z3  Mr.  H.  Croiss,  C.E. 
Cumon  Street  Station  Roof,  Charing  Cross 

RaQway Z4  to  r6  Mr.  T.  Hawkshaw,  C.E. 

Read  Bridjee  over  the  River  Moka X7>  z8  Mr.  H.  Wakefield,  CE. 

Telq;mphic  Apparatus  for  Mesopotamia  ....  19  Mr.  Siemens.  C.  E. 

Viaduct  over  the  River  Wye,  Midland  Railw.  ao  to  aa  Mr.  W.  H.  Barlow,  CE. 

St.  Germans  Viaduct,  Cornwall  Railway  ....  33,  34  Mr.  Brunei,  C.E. 

Wrou|^t-Iron  Cylinder  for  Diving  Bell 35  Mr.  J.  Coode,  CE. 

Millwall  Docks s6  to  31  Messrs.  J.  Fowler,  C.E.,  and 

WUliam  Wilson,  CE. 

Milrojr's  Patent  Excavator    33  Mr.  Milroy,  CE. 

Metropolitan  District  Railway 33  to  38  Mr.  J.  Fowler,  Engineer-in- 

Cluef,    and    Mr.  T.   M. 
Johnson,  CE. 

Harbours,  Ports,  and  Breakwaters a  to  c              ...-^-_ 

The  Letterpress  comprises — 

A  concluding  article  on  Harbours,  Ports,  and  Breakwaters,  wdth 
Illustrations  and  detailed  descriptions  of  the  Breakwater  at  Cher- 
bourg, and  other  important  modem  works ;  an  article  on  the 
Telegraph  Lines  of  Mesopotamia ;  a  foil  description  of  the  Wroagfat- 
iron  Diving  Cvlinder  for  Ceylon,  the  circumstances  under  which  it 
was  used,  and  the  means  of  working  it ;  full  description  of  the 
Millwall  Docks  ;  &c.,  &c.,  &c 


Opinions  of  the  Press. 


cr ' 


Mr.  Humber*s  *  Record  of  Modem  Engineering '  is  a  work  of  peculiar  valuc^  as 
wdl  to  those  who  design  as  to  those  who  study  the  art  of  engineering  construction. 
It  embodies  a  vast  amount  of  practiod  information  in  the  form  of  full  descriptkms  and 
working  drawings  of  all  the  most  recent  and  noteworthy  engineering  works.  The 
plates  are  excellently  lithographed,  and  the  present  volume  of  the  '  Record '  is  not  a 
whit  behind  its  ^xt6!tctaaoss.*'— Mechanic^  Magazine. 

**  We  gladly-welcome  another  year's  issue  of  this  valuable  publication  from  the  able 
pen  of  Mr.  Humber.  The  accuracy  and  general  excellence  of  this  work  are  wdl 
known,  while  its  usefulness  in  giving  the  meastu'ements  and  details  of  some  of  the 
latest  examples  of  engineering,  as  carried  out  by  the  most  eminent  men  in  the  profes- 
sion, cannot  be  too  highly  prized." — Artisan, 

"  The  volume  forms  a  valuable  companion  to  those  ^hicfa  have^  preceded  it^  and 
cannot  fail  to  prove  a  most  important  addition  to  every  engineering  library."— Ifusm^ 
yottmal, 

"  No  one  of  Mr.  Humbez's  volumes  was  bad :  all  were  wertb  their  cost,  frem  the 
mass  of  plates  from  well-executed  drawings  which  they  contained*    In  this  respect, 
perhaps,  this  last  volume  is  the  most  valuable  that  the  author  has  produced."— Awc- 
tic»I  Mtckanic^  yourtuU. 


WORKS  PUBLISHED  BY  LOCKWOOD  &  CO. 


Humberts  Great  Work  on  Bridge  Construction. 

A  COMPLETE  and  PRACTICAL  TREATISE  on  CAST  and 
WROUGHT-IRON  BRIDGE  CONSTRUCTION,  including 
Iron  Foundations.  In  Three  Parts — llieoretical.  Practical,  and 
Descriptive.  By  William  H  umber,  Assoc.  Inst  C.  E.,  and  M.  Inst 
M.E.  Third  Edition,  revised  and  much  improved,  with  115  Double 
Plates  (20  of  which  now  first  appear  in  this  edition),  and^numerous 
additions  to  the  Text  In  2  vols.  imp.  4to.,  price  6/.  ids,  6d.  half- 
bound  in  morocco. 

*'  A  very  valuable  contribution  to  the  standard  literature  of  civil  enfpneeripf  .  In 
addition  10  elevations,  plans,  and  sections,  larse  scale  details  are  given,  which  verv 
much  enhance  the  instructive  worth  of  these  illustrations.  No  engineer  would  wil- 
lingly be  without  so  valuable  a  fund  of  information. " — Civi/  Engineer  and  A  rchiiecfs 
yeumal. 

^  **  The  First  or  Theoretical  Part  contains  mathematical  investigations  of  the  prin- 
ciples involved  in  the  various  forms  now  adopted  in  bridge  construction,  'utese 
investigations  are  exceedingly  complete,  having  evidently  been  very  carefully  con- 
sideredand  worked  out  to  the  utmost  extent  that  can  be  desired  by  the  practical  man. 
The  tables  are  of  a  very  useful  character,  containing  the  results  of  the  most  recent 
experiments,  and  amongst  them  are  some  valuable  tables  of  the  weight  and  cost  o 
cast  and  wrought-iron  structures  actually  erected.  The  volume  of  text  is  amply  illus- 
trated by  numerous  woodcuts,  pUteiL  and  diagrams :  and  the  plates  in  the  second 
volume  ao  great  credit  to  both  draughtsmen  and  engravers.  In  conclusion,  we  have 
great  pleasure  in  cordially  recommending  this  work  to  our  readers." — ArttMon. 

*'  Mr.  Humber's  stately  volumes  lately  issued— in  which  the  most  important  bridfl»fl 
erected  durins  the  la.st  five  yean,  under  the  direction  of  the  late  Mr.  Brunei,  Sir  W. 
Cubitt,  Mr.  Hawkshaw,  Mr.  Page,  Mr.  Fowler,  Mr.  Hemans,  and  others  among  oui 
most  eminent  engineers,  arc  drawn  and  specified  in  great  detuL^—Engmeer. 

Weale^s  Engineers  Pocket-Book. 

THE  ENGINEER'S,  ARCHITECT'S,  and  CONTRACTOR'S 
POCKET-BOOK  (Lockwood  &  Co.'s;    formerly  Weale's). 
Published  Annually.     In  roan  tuck,  gilt  edges,  with  10  Copper- 
Plates  and  numerous  Woodcuts.     Price  dr. 
^  "  A  vast  amount  of  really  valuable  matter  condensed  into  the  small  dimen- 
mons  of  a  book  which  is,  in  reality,  what  it  professes  to  be — a  pocket-book.     .... 
We  cordially  recommend  the  book  to  the  notice  of  the  managers  of  coal  and  other 
mines ;  to  them  it  will  prove  a  handy  bode  of  reference  on  a  variety  of  subjects  more 
or  less  intimately  connected  with  their  profession." — Colliery  Guardian, 

"  Every  branch  of  engineering  is  treated  of,  and  facts,  figures,  and  data  of  every 
kind  abound." — Mechanics*  Mag. 

**  It  contains  a  large  amount  of  information  peculiarly  valuable  to  those  for  whose 
use  it  is  compiled.     We  cordially  commend  it  to  the  engineering  and  architectura 
profcHions  generally."-^^/<>iM^  Journal. 

Iron  Bridges,  Girders^  Roofs,  &c. 

A  TREATISE  on  the  APPLICATION  of  IRON  to  the  CON- 
STRUCTION of  BRIDGES,  GIRDERS,  ROOFS,  and  OTHER 
WORKS  ;  showing  the  Principles  upon  which  such  Structures  are 
Designed,  and  their  Practical  Application.  Especially  arranged  for 
the  use  of  Students  and  Practical  Mechanics,  all  Mathematical  For- 
mulae and  Symbols  being  excluded.  By  Francis  Campin,  C.E. 
With  numerotu  Diagrams.    i2mo.,  cloth  boards,  y. 

[Recently  published. 
**  For  numbers  of  young  engineers  the  book  is  just  the  cheap,  handy,  first  guide 
they  want" — MiddUsborougk  iVeekly  News. 

''^  Invaluable  to  those  who  have  not  been  educated  in  nathemaiics.**— C0//itVr> 
Gnardian. 
"  Rcm«kably  accuiaie  and  weD  wrhten."— ^r/ooM. 
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Barlow  on  the  Strength  of  Materials^  enlarged. 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS, 
with  Rules  for  application  in  Architecture,  the  Construction  of 
Suspension  Bridges,  Railways,  &c.  ;  and  an  Appendix  on  the 
Power  of  Locomotive  Engines,  and  the  effect  of  Inclined  Planes 
and  Gradients.  By  Peter  Barlow,  F.R.S.  A  New  Edition, 
revised  by  his  Sons, 'P.  W.  Barlow,  F.R.S.,  and  W.  H.  Barlow, 
F.R.S.,  to  which  are  added  Experiments  by  HoDGKiNSON,  Fair- 
BAIRN,  and  Kirkaldy  ;  an  Essay  (with  Illustrations)  on  the  efifect 
produced  by  passing  Weights  over  Elastic  Bars,  by  the  Rev. 
Robert  Willis,  M.A.,  F.R.S.  And  Formulae  for  Calcidating 
Girders,  &c.  The  whole  arranged  and  edited  by  W.  Humber, 
Assoc.  Inst.  C.E.,  Authorof  "  A  Complete  and  Practical  Treatise 
on  Cast  and  Wrought-Iron  Bridge  Construction,"  &c.  &c.  Demy 
8vo,  400  pp.,  with  19  lai^  Plates,  and  numerous  woodcuts,  price 
i&r.  cloth. 

*'  Aldumsh  issued  as  die  sixth  edidon,  the  volume  under  consideration  is  worthy  of 
bdng  renraed,  for  all  pracdcal  purposes,  as  an  entirely  new  work  .  .  .  the  book 
is  undoubtedly  worthy  of  the  highest  commendation." — MintHg  yottrmal, 

**  An  increased  value  has  been  given  to  this  very  valuable  work  by  the  addidon  of 
a  large  amount  of  informadon,  which  cannot  prove  otherwise  than  highly  useful  to 
those  who  require  to  consult  it.  ...  .  The  arrangement  and  raitmg  of  this 
mass  of  information  has  been  undertaken  by  Mr.  Humber,  who  has  most  ably  fulfilled  a 
task  requiring  special  care  and  ability  to  render  it  a  success." — Meckam^  MaguMttte, 

"  The  best  book  on  the  subject  which  has  yet  appeared.  ....  We  uiow  of 
no  work  that  so  completely  fulfils  its  mission.'* — English  Mechanic, 

"  There  is  not  a  pupil  in  an  engineering  school,  an  apprentice  in  an  engineer's  or 
architect's  office,  or  a  competent  clerk  of  works,  who  will  not  recognise  in  the  scientific 
volume  newly  given  to  circulation,  an  old  and  valued  friend." — BttiUmg  Nrtm. 

'*  The  standard  treatise  upon  this  particular  subject  "-^^w^/iuvr. 

Strains, FormulcB  &  Diagrams  for  Calculation  of. 

A  HANDY  BOOK  for  the  CALCULATION  of  STRAINS 
in  GIRDERS  and  SIMILAR  STRUCTURES,  and  their 
STRENGTH  ;  consisting  of  Formulaeand  Corresponding  Diagrams, 
with  numerous  Details  for  Practical  Application,  &c.  By  William 
Humber,  Assoc.  Inst  C.E.,  &c.  Fcap.  8vo,  with  nearly  100 
Woodcuts  and  3  Plates,  price  *js,  6d,  cloth. 

'*The  arrangement  of  the  matter  in  this  litde  volume  is  as  convenient  as  it  well 
could  be.  ...  .  The  system  of  employing  diagrams  as  a  substitute  for  complex 
computations  is  one  justly  coming  into  ^at  favour,  and  in  that  respect  Mr.  Humber's 
volume  is  fully  up  to  the  times." — Engineering, 

**  The  formulae  are  neady  expressed,  and  the  diagrams  good."— ^ Ihenmtm, 
"We  heartily  commend  this  really  handy  book  to  our  engineer  and  architect 
readers."—- J?v'^'^  Mechanic. 

Mechanical  Engineering. 

A  PRACTICAL  TREATISE  ON  MECHANICAL  ENGI- 
NEERING :  comprisin|[  Metallurgy,  Moulding,  Casting,  Forging, 
Tools,  Workshop  Machinery,  Mechanical  Manipulation*  Manufac- 
ture of  the  Steam  Engine,  &c.  &c.  With  an  Appendix  on  the 
Analysis  of  Iron  and  Iron  Ore,  and  Glossary  of  Terms.  By  F*RANCIS 
Campin,  C.E.  Illustrated  with  91  Woodcuts  and  28  Plates  of 
Slotting,  Shaping,  Drilling,  Punching,  Shearing,  and  Riveting 
Machines — Blast,  Refining,  and  Reverberatory  Furnaces — Steam 
Engines,  Governors,  Boilers,  Locomotives,  &c.     8vo,  cloth,  izr. 
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Strains. 

THE    STRAINS   ON    STRUCTURES   OF   IRONWORK; 
with  Practical  Remarks  on  Iron  Construction.   By  F.  W.  Shkilds, 
M.  Inst  C.E.  Second  Edition,  with  5  plates.    Royal  8vo,  $s,  cloth. 
CoNTKNTS. — Introductory  Remarks ;  Beams  Loaded  at  Centre ;  Belms  Loaded  at 
unequal  distances  between  supports ;  Beams  uniformly  Loaded ;  Girders  with  triangu- 
lar bracing  Loaded  at  centre :  JDttto,  Loaded  at  unequal  distances  between  supports ; 
Ditto,  uniformly  Loaded ;  Calculation  of  the  Strains  on  Girders  vrith  triangular 
Basings;  Cantilevers;  Continuous  Girders;  Lattice  Girders;  (Hrden  with  Vertical 
Struts  and  Diagonal  Ties ;  Calculation  of  the  Strains  on  Ditto ;  Bow  and  String 
Girden  ;  Girders  of  a  form  not  belonging  to  any  rwular  figure  ;  Plate  Girders  ;  Ap- 
Dortionments  of  Material  to  Strain ;  Comparison  otdifferent  Girders ;  Proportion  of 
Length  to  Depth  of  Girders ;  Character  of  the  Work  ;  Iron  R00&. 

Construction  of  Iron  Beams ^  Pillars^  &c. 

IRON  AND  HEAT,  Exhibiting  the  Principles  concerned  in  the 
Construction  of  Iron  Beams,  PiUais,  and  Bridge  Girders,  and  the 
Action  of  Heat  in  the  Smelting  Furnace.  By  James  Armour, 
C.E.     Woodcuts,  i2mo,  cloth  boards,  51.  6d, ;  doth  limp,  2/.  6d. 

[Recently  published, 
^ "  A  very  useful  and  thoroughly  practical  Ctde  Tolume,  in  every  way  deferring  of 
circulation  amongst  working  men." — MiKing  yaumal, 

"  No  ironworker  who  wishes  to  acquaint  himself  with  the  principles  of  his  own 
trade  can  afford  to  be  without  it.'* — South  Durham  Mercury. 

Power  in  Motion. 

POWER  IN  MOTION :  Horse  Power,  Motion,  Toothed  Wheel 
Gearing;  Long  and  Short  Driving  Bands,  Angular  Forces,  &c. 
By  James  Armour,  CE.  With  73  Diagrams.  i2mo,  cloth 
boards,  y,  diL  [Recently  published, 

''  Numerous  illustrations  enable  the  author  to  convey  his  meaning  as  explicidy  as 
it  IS  perhaps  possible  to  be  conveyed.  The  value  of  the  theoretic  and  practical  know- 
ledge imparted  cannot  well  be  over  estimated."— AVnK»#/i!r  IVeeJ^  CkrmnHe* 

Metallurgy  of  Iron. 

A  TREATISE  ON  THE  METALLURGY  OF  IRON :  con- 
taining Outlines  of  the  History  of  Iron  Manufacture,  Methods  of 
Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manufii/rtore  of 
Iron  and  Steel,  &c.  By  H.  Bauerman,  F.G.S.,  Associate  of  the 
Royal  School  of  Mines.  With  numerous  Illustrations.  Third 
Edition,  revised  and  much  enlarged.  i2mo.f  doth  boards,  5/.  6ff. 
"  Carefully  written,  it  has  the  merit  of  brevity  and  oonciseness,  as  to  leu  important 

pomts,  while  all  material  matters  are  very  fully  and  thorou^y  entared  into.**-- 

StMuUird, 

Trigonometrical  Surveying. 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING  A 
TRIGONOMETRICAL  SURVEY,  for  the  Formation  of  Geo- 
graphical  and  Topographical  Maps  and  Plans,  Military  Recon- 
naissance, Levelling,  &c.,  with  the  most  usefid  Problems  tu  Geodesy 
and  Practical  Astronomy,  and  Formulae  and  Tables  for  Fadlitattng 
their  Calculatioiu  By  Lieut*Genbral  FroMz,  R.E.,  late  In- 
spector-General  of  Fortifications,  &c  Fourth  Edition,  Enlarged, 
thoroughly  Revised,  and  partly  Re-written.  By  Captain  Charles 
Warren,  R.E.,  F.G.S.  With  19  Elites  •ad  m  Woodcuts, 
royal  8vo^  price  idr.  doUi.  \JM  ptMishitf. 
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Hydraulics. 

HYDRAULIC  TABLES,  CO-EFFICIENTS,  and  FORMULAE 
for  finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs, 
Pipes,  and  Rivers.  By  John  Neville,  Civil  Engineer,  M.R.LA. 
Second  Edition,  with  extensive  Additions,  New  Formulse,  Tables, 
and  General  Information  on  Rain-fall,  Catchment-Basins,  Drainage, 
Sewerage,  Water  Supply  for  Towns  and  Mill  Power.  With  nume* 
rous  Woodcuts,  8vo,  i6f.  cloth. 

\*  This  work  contains  a  vast  number  of  different  hydraulic 
formulas,  and  the  most  extensive  and  accurate  tables  yet  published 
for  finding  the  mean  velocity  of  discharge  from  triangular,  quadri- 
lateral, and  circular  orifices,  pipes,  and  rivers ;  with  experimental 
results  and  co-efficients ;  effects  of  friction ;  of  the  velocity  of 
approach ;  and  of  curves,  bends,  contractions,  and  expansions  ;  the 
best  form  of  channel ;  the  draina£[e  effects  of  long  and  short  weirs, 
and  weir-basins ;  extent  of  back-water  from  weirs ;  contracted 
channels;  catchment-basins;  hydrostatic  and  hydrauUc  pressure; 
water-power,  &c  &c 

Levelling, 

A  TREATISE  on  the  PRINCIPLES  and  PRACTICE  of 
LEVELLING ;  showing  its  Application  to  Purposes  of  Railway 
and  Civil  Engineering,  in  the  Construction  of  Roads ;  with  Mr. 
Telford's  Rules  for  the  same.  By  Frederick  W.  Simms, 
F.G.S.,  M.  Inst.  C.E.  Fifth  Edition,  very  carefully  revised,  with 
the  addition  of  Mr.  Law's  Practical  Examples  for  Setting  out 
Railway  Curves,  and  Mr.  Trautwine's  Field  Practice  of  Ikying 
out  Circular  Curves.  With  7  Plates  and  numerous  Woodcuts.  8vo, 
&r.  (id.  cloth.  **  Trautwine  on  Curves,  separate,  price  5/. 

"  One  of  the  most  important  text-books  for  the  general  surveyor,  and  there  is 
scarcely  a  question  connected  wiUi  levelling  for  which  a  solution  would  be  sou^t  but 
that  would  be  satisfactorily  answered  by  consulting  die  volume:" — Mining  yaurtuU, 

'*  The  text-book  on  levelling  in  most  of  otir  engineering  schools  and  colleges."'- 
Enginetr. 

"The  publishers  have  rendered  a  substantial  serrice  to  the  professidn,  especially  to 
the  younger  members,  by  bringing  out  the  present  edition  of  Mn  Sinims's  useful  work.** 
'^Engineering. 

Tunnelling. 

PRACTICAL  TUNNELLING ;  explaining  in  Detail  the  Setting 
out  of  the  Works  ;  Shaft  Sinking  and  Heading  Driving ;  Ranging 
the  Lines  and  Levelling  Under-Ground  ;  Sub-Excavating,  Timber- 
ing, and  the  Construction  of  the  Brickwork  of  Tunnels ;  with  the 
Amount  of  Labour  required  for,  and  the  Cost  of  the  various  Por- 
tions of  the  Work.  By  Fredk.  W.  Simms,  F.R.A.S.,  F.G.S., 
M.  Inst  C.E.,  Author  of  "A  Treatise  on  the  Principles  and 
Practice  of  Levelling,"  &c  &c.  Second  Edition,  revised  by  W. 
Davis  Haskoll,  Civil  Engineer,  Author  of  "The  Engineer's 
Field-Book,"  &c.  &c  With  16  laige  folding  Plates  and  numennis 
Woodcuts.    Imperial  8vo,  i/.  is.  doth. 
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Strength  of  Cast  Irotiy  &c. 

A  PRACTICAL  ESSAY  on  the  STRENGTH  of  CAST  IRON 
and  OTHER  METALS.  By  the  late  Thomas  Tredgold,  Mem. 
Inst  C.E.,  Author  of  **  Elementary  Principles  of  Carpentry,"  &c. 
Fifth  Edition,  Edited  by  Eaton  Hodgkinson,  F.R.S.  ;  to 
which  are  added  EXPERIMENTAL  RESEARCHES  on  the 
!  STRENGTH  and  OTHER  PROPERTIES  of  CAST  IRON. 

By  the  Editor.  The  whole  Illustrated  with  9  Engravings  and 
numerous  Woodcuts.     8vo,  I2x.  cloth. 

%•  Hodgkinson's   Experimental   Researches   on    the 
i  Strength  and  Other  Properties  of  Cast  Iron  may  be  had 

separately.    With  Engravings  and  Woodcuts.    8vo,  price  or.  cloth. 

The  High-Pressure  Steam  Engine. 

THE  HIGH-PRESSURE  STEAM  ENGINE  ;  an  Exposition 
of  its  Comparative  Merits,  and  an  Essay  towards  an  Improved 
System  of  Construction,  adapted  especially  to  secure  Safety  and 
Economy.  By  Dr.  Ernst  Alran,  Practical  Machine  ^laker, 
Plau,  Mecklenberg.  Translated  from  the  German,  with  Notes,  by 
Dr.  Pole,  F.R.S.,  M.  Inst  C.E.,  &c  &c  With  28  fine  Plates, 
8vo,  I  dr.  6</.  cloth. 

"  A  work  like  this,  which  goes  thoroughljr  into  the  examination  of  the  high-pressore 
engine,  the  boiler,  and  its  appendages,  &c.,  is  exceedingly  ubeful,  and  deserves  a  place 
in  every  scientific  hbraryr^—^Vraw  Shipping  CAronicu, 

Steam  Boilers, 

A  TREATISE  ON  STEAM  BOILERS  :  their  Strength,  Con- 
struction, and  Economical  Working.  By  Rohert  Wilson,  late 
Inspector  for  the  Manchester  Steam  Users'  Association  for  the 
Prevention  of  Steam  Boiler  Explosions,  and  for  the  Attainment  of 
Economy  in  the  Application  of  Steam.  i2mo^  cloth  boards,  328 
pages,  price  6j. 

Tables  of  Curves. 

TABLES  OF  TANGENTIAL  ANGLES  and  MULTIPLES 
for  setting  out  Curves  from  5  to  200  Radius.  By  Alexander 
Beazeley,  M.  Inst.  C.E.  Printed  on  48  Cards,  and  sold  in  a 
cloth  box,  waistcoat-pocket  size,  price  y,  6d. 

**  Each  table  is  printed  on  a  small  card,  which,  being  placed  on  the  theodolite,  leaves 
the  hands  free  to  manipulate  the  instniraent — no  small  aavantage  as  regards  the  rapidity 
of  work.  They  are  clearly  printed,  and  compactly  fitted  into  a  small  case  for  the 
pocket— an  arrangement  that  will  recommend  uiera  to  all  practical  men." — EmfinMr, 

"  Vcrv  handy  :  a  man  may  know  that  all  his  day's  work  must  fall  on  two  of  these 
cards,  which  he  puts  into  his  own  card-case,  and  leaves  the  rest  hthxad*'—'Aikfrueum. 

Laying  Out  Curves. 

THE  FIELD  PRACTICE  of  LAYING  OUT  CIRCULAR 
CURVES  for  RAILROADS.  By  John  C.  Trautwine,  C.E. 
(Extracted  from  Simms*s  Work  on  levelling).    8vo,  y.  sewed. 
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Estimate  and  Price  Book. 

THE  CIVIL  ENGINEER'S  AND  CONTRACTOR'S  ESTI- 
MATE AND  PRICE  BOOK  for  Home  or  Foreign  Service : 
in  reference  to  Roads,  Railways,  Tramways,  Docks,  Harbours^ 
Forts,  Fortifications,  Bridges,  Aqueducts,  Tunnels,  Sewers,  Water- 
works, Gasworks,  Stations,  Barracks,  Warehouses,  &c  &c  &c. 
With  Specifications  for  Permanent  Wav,  Tel^raph  Materials, 
Plant,  Maintenance,  and  Working  of  a  Railway ;  and  a  Priced  List 
of  Machinery,  Plant,  Tools,  &c.  By  W.  D.  Haskoll,  C.E. 
Plates  and  VVoodcuts;  Published  annually.  8vo,  cloth,  6f. 
"As  furaishine  a  variety  of  data  on  every  conceivable  want  to  civil  engineers  and 
contractors,  this  book  has  ever  stood  perhaps  unrivalled.  "—^rrAt/r^/. 

Surveying  (Land  and  Marine). 

LAND  AND  MARINE  SURVEYING,  in  Reference  to  the 
Preparation  of  Plans  for  Roads  and  Railways,  Canals,  Rivers, 
Towns*  Water  Supplies,  Docks  and  Harbours ;  with  Description 
and  Use  of  Surveymg  Instruments.  By  W.  Davis  Haskoll,  C.  K  , 
Author  of  «*The  Engineer's  Field  Book,"  "  Examples  of  Bridge 
and  Viaduct  Construction,"  &c     Demy  8vo,  price  I2j.  6^.  doth, 

with  14  folding  Plates,  and  numerous  Woodcuts. 

"  A  most  useful  and  well  arran^d  book  for  the  aid  of  a  student  .  .  .  .  ^  We 
can  stronely  recommend  it  as  a  carefuUy-writlen  and  valuable  text-book. "^^m/iilrr. 

"  Mr.  Haskoll  has  knowledge  and  experience,  and  can  so  give  exi)ressi(m  to  it  as 
to  make  any  matter  on  which  he  writes,  clear  to  the  youngest  pupil  in  a  surveyor's 
office." — Colliery  Gu^irdian. 

**  A  volume  which  cannot  fail  to  prove  of  the  utmost  practical  utility.  ....  It 
is  one  which  may  be  safely  recommended  to  all  students  who  aspire  to  become  clean 
and  expert  surveyors." — Mmin£^  JouthoI. 

Engineering  Eieldwork. 

THE  PRACTICE  OF  ENGINEERING  FIELDWORK, 
applied  to  Land  and  Hydraulic,  Hydrographic,  and  Submarine 
Surveying  and  Levelling.  Second  Edition,  revised,  with  consider- 
able additions,  and  a  Supplementary  Volume  on  WATER- 
WORKS, SEWERS,  SEWAGE,  and  IRRIGATION.  By  W. 
Davis  Haskoll,  C.E.  Numerous  folding  Plates.  Demy  8vo,  2 
vols,  in  one,  cloth  boards,  i/.  u.  (published  at  2/.  4/.) 

Mining  Surveying  and  Valuing. 

THE  MINERAL  SURVEYOR  AND  VALUER'S  COM- 
PLETE  GUIDE,  comprising  a  Treatise  on  Improved  Mining 
Surveying,  with  new  Traverse  Tables ;  and  Descriptions  of  Im- 
proved Instruments  ;  also  an  Exposition  of  the  Correct  Principles 
of  Lajring  out  and  Valuing  Home  and  Foreign  Iron  and  Coal 
Mineral  Properties:  to  which  is  appended  M.  TH OMAN'S  (of 
the  Cr<fdit  Mobilier,  Paris)  TREATISE  on  COMPOUND  IN- 
TEREST and  ANNUITIES,  with  LOGARITHMIC  TABLES. 
By  William  Lintern,  Mining  and  Civil  Engineer.  i2mo, 
strongly  bound  in  cloth  boards,  with  four  Plates  of  Diagrams, 
Plans,  &c.,  price  I  or.  6</.  {Just  puUished. 

"  Contains  much  valuable  information  given  in  a  small  compass,  and  which,  as  far 

as  we  have  tested  it,  is  thoroughly  trustworthy." — Iron  and  Ccal  Trades  Revinm» 
"  The  matter,  arrangement,  and  illustration  of  this  work  are  all  excellent,  and  make 

it  one  of  the  best  of  its  \!^^'*— Standard^ 
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Fire  Engineering. 

FIRES,  FIRE-ENGINES,  AND  FIRE  BRIGADES.  With 
a  History  of  Fire-En^aes,  their  Construction,  Use,  and  Manage- 
ment ;  Remarks  on  Fire- Proof  Building  and  the  Preservation  of 
Life  from  Fire ;  Statistics  of  the  Fire  Appliances  in  English 
Towns ;  Fore^  Fire  Systems ;  Hints  on  Fire  Brigades,  &c.,  &c. 
By  Charles  F.  T.  Young,  C.E.  With  nmnerous  Illustrations, 
handsomely  printed,  544  pp.,  demy  8vo,  price  i/.  4^.  cloth. 
"  We  can  most  heartily  commend  this  book.  ....  It  is  really  the  only  English 
work  we  now  have  upon  the  subject**-— ^wfmwrm^. 

"  We  strongly  recoounend  the  book  to  the  notice  of  all  who  are  in  any  way  in- 
terested in  fires,  fire-engines,  or  fire-brigades.'' — Mechatdc^  MagoMUU, 

Manual  of  Mining  Tools. 

MINING  TOOLS.  For  the  use  of  Mine  Managers,  Agents, 
Mining  Students,  &c.  By  William  Morgans,  Lecturer  on  Prac- 
tical Minuig  at  the  Bristol  School  of  Mines.  Volume  of  Text. 
i2mo.  WiUi  an  Atlas  of  Plates,  containing  235  Illustrations.  4to. 
Together,  price  9J.  cloth  boards.  [Recently  published, 

**  Students  in  the  Science  of  Mining,  and  not  only  they,  but  subordinate  officials  in 
mines,  and  even  Overmen,  Captains,  Managers,  and  Viewers  may  gain  practical 
knowledge  and  useful  hints  by  the  study  of  Mr.  Moigans's  Manudu." —  CMiny 
Cuardian. 

"A  very  valuable  work,  which  will  tend  materially  to  improve  our  mining  litera- 
ture."— Mining  Journal, 

Gas  and  Gasworks. 

A  TREATISE  on  GASWORKS  and  the  PRACTICE  of 
MANUFACTURING  and  DISTRIBUTING  COAL  GAS. 
By  Samuel  Hughes,  C.E.  Third  Edition,  revised  by  W. 
Richards,  C.E.  With  68  Woodcuts,  bound  in  cloth  boards, 
i2mo,  price  4/. 

Waterworks  for  Cities  and  Towns. 

WATERWORKS  for  the  SUPPLY  of  CITIES  and  TOWNS, 
with   a  Description  of  the  Principal  Geological  Formations  of 
England  as  influencing  Supplies  of  Water.     By  Samuel  Hughes, 
F.G.S.,  Civil  Engineer.     New  and  enlarged  edition,  i2mo,  cloth 
boards,  with  numerous  Illustrations,  price  5^.  \yust published. 

*'  One  of  the  most  convenient,  and  at  the  same  time  rellahle  works  on  a  subject, 
the  vital  importance  of  which  cannot  be  over-estimated." — Bnuf/ord  Obstrver, 

Coal  and  Coal  Mining. 

COAL  AND  COAL  MINING :  a  Rudimentary  Treatise  on.     By 
Warington  W.   Smyth,  M.A.,  F.R.S.,  &c.,  Chief  Inspector 
of  the  Mines  of  the  Crown  and  of  the  Duchy  of  Cornwall.     New 
edition,  revised  and  corrected.     lamo.,  cloth  boards,  with  nume- 
rous Illustrations,  price  4J.  6d, 
"  Every  portion  of  the  volume  appears  to  have  been  prepared  with  much  care,  and 
as  an  outlme  is  given  of  every  known  coal-field  in  this  and  other  countries,  as  weU  as 
of  the  two  principal  methods  of  working,  the  book  will  doubtless  interest  a  very 
large  number  of  readers."  -  Mining  70umal. 

Certainly  experimental  skill  and  rule-of-thumb  practice  would  be  greatly  en- 
riched b)r  the  addition  of  the  theoretical  knowledge  and  scientific  information  whkh 
Mr.  Warington  Smyth  communicatee  in  combination  with  the  results  of  his  own  ex- 
perience and  personal  research."— CW/ilryy  GuardioH. 
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Field-Book  for  Engineers. 

THE  ENGINEER'S,  MINING  SURVEYOR'S,  and  CON- 
TRACTOR'S FIELD-BOOK.  By  W.  Davis  HASKOL^  CivU 
Engineer.  Third  Edition,  much  enlarged,  consisting  of  a  Series 
of  Tables,  with  Rules,  Explanations  of  Systems,  and  Use  of  Theo- 
dolite for  Traverse  Surveymg  and  Plotting  the  Work  with  minute 
accuracy  by  means  of  Straight  Edge  and  Set  Square  only ;  Levelling 
with  the  Theodolite,  Casting  out  and  Reducing  Levels  to  Datum, 
and  Plotting  Sections  in  the  ordinary  manner;  Setting  out  Curves 
with  the  Theodolite  by  Tangential  Angles  and  Multiples  with  Right 
and  Left-hand  Readings  of  the  Instrument;  Setting  out  Curves 
without  Theodolite  on  tike  System  of  Tangential  Angles  by  Sets  of 
Tangents  and  Offsets ;  and  Earthwork  Tables  to  80  feet  deep,  cal- 
culated for  every  6  inches  in  depth.  With  numerous  wood-cuts, 
i2mo,  price  I2j-.  cloth. 

"A  very  useful  work  for  the  practical  engineer  and  stureyor.  Every  person 
ensaeed  in  engineering  field  operations  will  estimate  the  importance  of  such  a  work 
and  ue  amount  of  valuable  time  which  will  be  saved  by  reference  to  a  set  of  reliable 
tables  prepared  with  the  accuracy  and  fulness  of  those  given  in  this  volume."— i7««/- 
way  Ifews, 

"  The  book  is  very  handy,  and  the  author  might  have  added  that  the  separate  tables 
of  sines  and  tangents  to  every  minute  will  make  it  useful  for  many  other  purposes,  the 
genuine  traverse  tables  existmg  all  the  same." — Atheneeum. 

"  The  work  forms  a  handsome  pocket  volume,  and  cannot  fail,  from  its  portability 
and  utility,  to  be  extensively  patronised  by  the  engineering  profession.' —^mtin/' 

**  We  strongly  recommend  this  second  edition  of  Mr.  Haskoll's  '  Field  Book'  to  al 
classes  of  surveyors."— Ctf//i>rv  Gnardum. 

Earthworky  Measurement  and  Calculation  of. 

A  MANUAL  on  EARTHWORK.  By  Alex.  J.  S.  Graham, 
C.E.,  Resident  Engineer,  Forest  of  Dean  Centr^  Railway.  With 
numerous  Diagrams.     i8mo,  2x.  dd,  cloth. 


•( 


As  a  really  handy  book  for  reference,  we  know  of  no  work  equal  to  it :  and  the 
way  engineers  ana  others  employed  in  the  measurement  and  calculation  of  earth- 
work will  find  a  great  amount  of  practical  information  very  admirably  arranged,  and 


available  for  general  or  rough  estimates,  as  well  as  for  the  more  exact  calculations 
required  in  the  engineers'  contractor's  offices." — Artizan. 

Harbours. 

THE  DESIGN  and  CONSTRUCTION  of  HARBOURS.  By 
Thomas  Stevenson,  F.R.S.E.,  M.I.C.E.  Reprinted  and  en- 
larged from  the  Article  **  Harbours,"  in  the  Eighth  Edition  of  **  The 
Encyclopaedia  Britannica."  With  10  Plates  and  numerous  Cuts. 
8vo,  lor.  6d.  cloth. 

Mathematical  and  Drawing  Instruments. 

A  TREATISE  ON  THE  PRINCIPAL  MATHEMATICAL 
AND  DRAWING  INSTRUMENTS  employed  by  the  Engineer, 
Architect,  and  Surveyor.  By  Frederick  W.  Simms,  M.  Inst. 
C.E.,  Author  of  **  Practical  Tunnelling,"  &c.  Third  Edition,  with 
numerous  Cuts.     i2mo,  price  31.  dd.  doth. 
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Bridge  Canstruchon  in  Masonry^  Timber,  &  Iran. 

EXAMPLES  OF  BRIDGE  AND  VIADUCT  CONSTRUC- 
TION OF  MASONRY,  TIMBER,  AND  IRON ;  consistine  of 
46  Plates  from  the  Contract  Drawings  or  Admeasurement  of  scSeot 
Works.     By  W.  Davis  Haskoll,  C.£.     Second  Edition,  with 
the  addition  of  554  Estimates,  and  the  Practice  of  Setting  out  Woiks, 
illustrated  with  6  pages  of  Diagrams.     Imp.  4to,  price  2/.  12/.  6d^ 
half-morocco. 
**  One  of  the  very  few  works  extuit  descendinf^  to  the  lerd  of  ordinauy  routiiiey  and 
treating  on  the  common  every-dav  practice  of  the  railway  engineer.  ...  A  won  of 
the  present  nature  by  a  man  of  Mr.  HaskoU's  experience,  must  prove  invahiable  to 
htinareds.    The  tables  of  estimates  appended  to  this  edition  will  conadeimbly  fnhinctr 
its  yiX\^t.**'~EngvueriMg. 

Mathematical  Instruments,  their  Construction,  6rc. 

MATHEMATICAL  INSTRUMENTS  :  thkir  CONSTRUC 
TION,  ADJUSTMENT,  TESTING,  AND  USE;  comprising 
Drawing,  Measuring,  Optical,  Surveyin'g,  and  Astronomical  instru- 
ments. Bv  J.  F.  Heather,  M.A.,  Author  of  "Practical  Plane 
Geometry,"  "Descriptive  Geometry,"  &c  Enlarged  Edition,  for 
tne  most  part  entirely  rewritten.  With  numerous  Wood-cuts. 
i2mo,  cloth  boards,  price  5J-.  \Naw  ready » 

Oblique  Arches. 

A  PRACTICAL  TREATISE  ON  THE  CONSTRUCTION  of 
OBLIQUE  ARCHES.  By  JoHN  Hart.  Third  Edition,  with 
Plates.     Imperial  8vo,  price  &r.  doth. 

Oblique  Bridges. 

A  PRACTICAL  and  THEORETICAL  ESSAY  on  OBLIQUE 
BRIDGES,  with  13  large  folding  Plates.  By  Geo.  Watson 
Buck,  M.  Inst.  C.E.  Second  Edition,  corrected  by  W.  H. 
Barlow,  M.  Inst.  C.E.     Imperial  8vo,  izr.  doth. 

"  Th"  standard  text-book  for  all  engineers  regarding  skew  arches,  is  Mr.  Buck's 
treatise,  and  it  would  be  impossible  to  consult  a  better."— ^MtfiVMvr. 

WeaUs  Series  of  Rudimentary  Works. 

Th«fe  highly  popular  nnd  oh«ap  B«rlM  of  Books,  now  oomprUlnf 
nearlj  Three  Hundred  dlatlnot  Worke  In  abnoat  eyerj  deportment  of 
Boienoe,  Art,  and  Xdnoatlon,  are  recommended  to  the  notice  of  Bn- 
glneere,  Arohitecte,  Bnlldera,  Artisans,  and  Students  generallj,  as  weU 
as  to  those  interested  in  Workmen's  Utoaries,  Free  Idbrazles,  Iiiterary 
and  Bolentlflo  Institatlons,  Colleges,  Bohoolli,  Bclenoe  Olsusee,  Ac.,  Ac 
^*'  Usts  may  be  had  on  application  to  IiOGEWOOD  *  OO. 

WeaUs  Dictiofiary  of  Terms  in  Architecture, 
Engifieerin^,  Art,  &c. 

A  DICTIONARY  of  TERMS  used  in  ARCHITECTURE, 
BUILDING,  ENGINEERING.  MINING,  METALLURGY, 
ARCn^:C)LOGY,  the  FINE  ARTS,  &c.  By  John  Weale, 
P'ourth  Edition,  enlarged  and  revised  by  Robert  Hunt,  F.R.S., 
Keeper  of  Mininjr  Records,  Editor  of  **  Ure*s  Dictionary  of  Arts," 
&c.     i2mo,  cloth  boards,  price  dr.  \jHSt publishtd. 
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ARCHITECTURE,  &c. 
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ConsirucfioK. 

THE  SCIENCE  of  BUILDING :  an  Elementary  Treatise  on 
the  Principles  of  Construction.  By  E.  Wyndham  Tarn,  M.A., 
Architect.     Illustrated  with  47  Wood  Engravings.     Demy  8vo, 

price  &r.  6d.  cloth.  [Recentiy pubiUhetL 

**  A  very  valuable  book,  which  we  strongly  recommend  to  all  students."— ^m/J^. 

*'  While  Mr.  Tarn's  valuable  little  volume  is  quite  sufficiently  scientific  to  answer 
the  purposes  intended,  it  is  written  in  a  style  that  will  deseivedly  make  it  popular. 
The  diagrams  are  numerous  and  exceedingly  well  executed,  and  the  treatise  does 
credit  aluce  to  the  author  and  the  publisher.  *^^ii!^»«wr. 

'*No  architectural  student  should  be  without  this  hand-book  of  constructioiial 
knowledge.*' — Architect. 

**Thelxx>k  is  very  far  from  being  a  mere  compilation ;  it  is  an  able  digest  of 
information  which  is  only  to  be  founa  scattered  through  various  works,  and  contains 
more  really  <»iginal  writing  than  many  putting  forth  far  stronger  claims  to  originality.** 
^'BngiiueriKg. 

Beaton's  Pocket  Estimator, 

THE  POCKET  ESTIMATOR  FOR  THE  BUILDING 
TRADES,  being  an  easy  method  of  estimating  the  various  parts 
of  a  Building  collectively,  more  especially  applied  to  Carpenters' 
and  Joiners'  work,  priced  according  to  the  present  value  of  material 
and  labour.  By  A.  C.  Beaton,  Author  of  'Quantities  and 
Measurements.'  33  Woodcuts.    Leather,  waistcoat-pocket  size.  2^. 

Beaton's  Builders^  and  Surveyors*  Technical  Guide. 

THE  POCKET  TECHNICAL  GUIDE  AND  MEASURER 
FOR  BUILDERS  AND  SURVEYORS :  containing  a  Complete 
Explanation  of  the  Terms  used  in  Building  Construction,  Memo- 
randa for  Reference,  Technical  Directions  for  Measuring  Work  in 
all  the  Building  Trades,  with  a  Treatise  on  the  Measurement  of 
Timbers,  and  Complete  Specifications  for  Houses,  Roads,  and 
Drains.  By  A.  C.  Beaton,  Author  of  *  Quantities  and  Measure- 
ments.' With  19  Woodcuts.   Leather.   Waistcoat  pocket  size.  2x. 

[Niow  ready. 

Villa  Architecture. 

A  HANDY  BOOK  of  VILLA  ARCHITECTURE ;  being  a 
Series  of  Designs  for  Villa  Residences  in  various  Styles,  '^th 
Detailed  Specifications  and  Estimates.  By  C.  Wickes,  Architect, 
Author  of  '*  The  Spires  and  Towers  of  the  Mediaeval  Churches  of 
England,"  &c  First  Series,  consisting  of  30  Plates ;  Second 
Series,  3 1  Plates.  Complete  in  i  vol.,  4to,  price  2/.  lor.  half 
morocco.  Either  Series  separate,  price  i/.  71.  each,  half  morocco. 
"  The  whole  of  the  designs  bear  evidence  of  their  being  the  work  of  an  artistic 

architect,  and  they  will  prove  very  valuable  and  suggestive  to  architectSi  students,  and 

amateurs." — BuilaiMg  IVgws. 

The  Architect's  Guide. 

THE  ARCHITECT'S  GUIDE ;  or,  Office  and  Pocket  Com- 
panion for  Engineers,  Architects,  Land  and  Building  Surveyors, 
Contractors,  Builders,  Clerks  of  Works,  &c.  By  W.  Davis 
Haskoll,  C.E.,  R.  W.  Billings,  Arcliitect,  F.  Rogers,  and 
P.  Thompson.  With  numerous  Experiments  by  G.  Ren  nib, 
C.E.,  &c.     Woodcuts,  i2mo,  cloth,  price  3x.  6d. 
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Vitruviu^  Architecture. 

THE  ARCHITECTURE  OF  MARCUS  VITRUVIUS 
POLLIO.  Translated  by  Joseph  Gwilt,  F.S.A-,  F.R.A.S. 
Ntimeiotts  Plates.    i2mo»  cloth  limp,  price  5x. 

The  Young  Architect's  Book. 

HINTS  TO  YOUNG  ARCHITECTS.  By  George  Wight- 
wick,  Architect,  Author  of  "  The  Palace  of  Architecture,"  &c.  &c 
Second  Edition.    With  numerous  Woodcuts.    8vo,  7^.,  extra  cloth. 

Drawing  for  Builders  and  Students. 

PRACTICAL  RULES  ON  DRAWING  for  the  OPERATIVE 
BUILDER  and  YOUNG  STUDENT  in  ARCHITECTURE. 
By  Geokgb  Pyne,  Author  of  a  "  Rudimentary  Treatise  on  Per- 
spective for  Beginners."    With  14  Plates,  4to,  ^s,  6^.,  boards. 

C0NTBMT8. — I.  Practical  Rules  on  Drawing — Outlines.  II.  Ditto — the  Grecian 
and  Roman  Orders.  III.  Practical  Rules  on  Drawing — Penpective.  IV.  PractiGal 
Rukt  on  Light  and  Shade.    V.  Practical  Ruks  on  Colour,  &c  &c. 

Drawing  for  Engineers y  &c. 

THE  WORKMAN'S  MANUAL  OF  ENGINEERING 
DRAWING.  By  John  Maxton,  Instructor  in  Engineering 
Drawing,  South  Kensington.  Second  Edition,  carefully  reviseoL 
With  upwards  of  300  Plates  and  Diagrams.  i2mo,  doth, 
strongly  bound,  4J.  td,  \Now  ready. 

**  Even  accomplished  dratu^htsmen  will  find  in  it  much  that  will  be  of  use  to  them. 
A  copy  of  it  should  be  kept  for  reference  in  ercry  drawing  office.** — KngiMStrimg. 

*'An  tnditpcnsaUe    book  for   teachers  of  engineering  drawing."  —  Mechanic^ 

Cottages^  VillaSy  and  Country  Houses. 

DESIGNS  and  EXAMPLES  of  COTTAGES,  VILLAS,  and 
COUNTRY  HOUSES;  being  the  Studies  of  several  eminent 
Architects  and  Builders  ;  consisting  of  Plans,  Elevations,  and  Per- 
spective Views ;  with  approximate  Estimates  of  the  Cost  of  each. 
In  4to,  with  67  plates,  price  i/.  I/.,  cloth. 

Builder's  Price  Book. 

THE  BUILDER'S  AND  CONTRACTOR'S  PRICE  BOOK. 
(Lock wood  &  Co.*s)  with  which  is  incorporated  Atchley's  Builder's 
Price- Book  and  the  Illustrated  Price-Book  for  1874,  containing  thc 
pre^nt  prices  of  all  kinds  of  Builders'  Materials  and  Labour,  and 
of  all  Trades  connected  with  Building,  with  Memoranda  and 
Tables  required  in  making  Estimates  and  taking  out  quantities,  and 
Lists  of  the  Members  of  the  Metropolitan  Boaxd  of  Works,  of 
Districts,  District  Oflicen^,  and  District  Surveyors,  and  the  Metro- 
politan Bye-laws,  with  Five  Plates,  containing  Plans,  Elevations, 
and  Views  of  Mansions,  Villas  and  Cottages,  and  a  Si^ecification. 
Crown  8vo,  strongly  bound,  price  4r. 
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Handbook  of  Specifications. 

THE  HANDBOOK  OF  SPECIFICATIONS;  or,  Practical 
Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder,  in  drawing 
up  Specifications  and  Contracts  for  Works  and  Constructions. 
Illustrated  by  Precedents  of  Buildings  actually  executed  \yf  eminent 
Architects  and  Engineers.  Preceded  by  a  Preliminary  Essay,  and 
Skeletons  of  Si>ecitica'tions  and  Contracts,  &c.,  &c.,  and  explained 
by  numerous  Lithograph  Plates  and  Woodcuts.  By  Professor 
Thomas  L.  Donaldson,  President  of  the  Royal  Institute  of  British 
Architects,  Professor  of  Architecture  and  Construction,  Uniyersity 
College,  London,  M.I.B.A.,  Member  of  the  various  European 
Academies  of  the  Fine  Arts,  With  A  Review  of  the  Law  of 
Contracts,  and  of  the  Responsibilities  of  Architects,  Engineers, 
and  Builders.  By  W.  Cunningham  Glen,  Barrister-at-Law,  of 
the  Middle  Temple.  2  vols.,  8vo,  with  upwards  of  iioopp.  of 
text,  and  33  Lithographic  Plates,  cloth,  2/.  2x.    (Published  at  4/.) 

*'  In  these  two  volumes  of  x,xoo  p^es  (together),  forty-four  specifications  of  executed 
works  are  given,  including  the  specitoitions  for  parts  of  the  new  Houses  of  Parliament, 
by  Sir  Charles  Barry,  and  for  the  new  Royal  Exchange,  by  Mr.  Tite,  M.P.  The 
latter,  in  particular,  is  a  vei^  complete  and  remarkable  document  It  embodies,  to  a 
great  extent,  as  Mr.  Donaldson  mentions,  '  the  bill  of  quantities,  with  the  description 
of  the  works,'  and  occupies  more  than  zoo  printed  pages. 

"Amongst  the  other  known  buildings,  the  specifications  of  which  are  finven,  are 
the  Wiltshire  Lunatic  Asylum  (Wyatt  and  Brandon)  ;  Tothill  Fields  Prison  (R.  Abra* 
ham)  ;  the  City  Prison,  H  olio  way  (Bunning) ;  the  High  School,  Edinbinq|h.  (Hamilton) ; 
Qothworkers'  Hall,  London  (Angel) ;  Wellington  College,  Sandhunt  (J.  Shaw) : 
Houses  in  Grosvenor  Square,  and  elsewhere  ;  St.  Geoige's  Church,  Doncaster 
(Scott) ;  several  works  of  smaller  size  by  the  Author,  including  Messrs.  Shaw's  Ware- 
house in  Fetter  Lane,  a  venr  successful  elevation  ;  the  Newcastle-upon-Tvne  Railway 
Station  (J.  Dobson)  ;  new  Westminster  Bridge  (Page) ;  tlie  High  Level  Bridge,  New- 
castle (R.  Stephenson) ;  various  works  on  the  Great  Northern  Railwav  (Brydone) ; 
and  one  French  specification  for  Houses  in  the  Rue  de  Rivoli,  Paris  (MM.  Armand, 
Hittorlf,  Pellechet,  and  Rohault  de  Fleury,  architects).  The  last  is  a  very  elaborate 
composi^on,  occupying  seventy  pages.  The  majority  of  the  specifications  have  illus- 
trations m  the  shape  of  elevations  and  plans. 

*'  We  are  most  glad  to  have  the  present  work.  It  is  valuable  as  a  record,  and  more 
valuable  still  as  a  book  of  precedents 

"About  140  pages  of  the  second  volume  are  appropriated  to  an  exposition  of  the 
law  in  relation  to  the  legal  liabilities  of  engineers,  architects,  contractors,  and  buildeis, 
by  Mr.  W.  Cunningham  Glen,  Barrister-at-law ;  intended  rather  fur  those  persons 
than  for  the  legal  practitioner.  Suffice  it,  in  conclusion,  to  say  in  vrords  what  our 
readers  will  have  gathered  for  themselves  from  the  particulars  we  have  given,  that 
Donaldson's  Handbook  of  Specifications  must  be  bought  by  all  architects.**— ^trii&Crr. 

Specifications  for  Practical  Architecture. 

SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE: 
A  Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder ;  with 
an  Essay  on  the  Structure  and  Science  of  Modem  Buildings.  By 
Frederick  Rogers,  Architect.  With  numerous  Illustrations. 
Demy  8vo,  price  15^.,  cloth. 

***  A  volumeof  specifications  of  a  practical  character  being  greatly  required,  and  the 
old  standard  work  of  Alfred  Bartholomew  being  out  of  print,  the  author,  on  the  basis 
of  that  work,  has  produced  the  above.  Some  of  the  specifications  he  has  so  altered 
as  to  bring  in  the  now  universal  use  of  concrete  the  improvements  in  drainage,  the 
use  of  iron,  glass,  asphalte,  and  other  material  He  has  also  inserted  specifications 
of  works  that  have  been  erected  in  his  own  practice. 
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Grantham  s  Iron  Ship-Buildings  enlarged. 

ON  IRON  SHIP-BUILDING  ;  with  Practical  Examples  and 
Details.  Fiflh  Eldilion.  Imp.  4to,  boards,  enlarged  from  24  to  40 
Plates  (21  quite  new),  including  the  latest  Examples.  Together 
with  separate  Text,  i2mo,  cloth  limp,  also  considerably  enlan^d. 
By  John  Grantham,  M.  Inst.  C.E.,  &c     Price  2/.  2j.  complete. 


Description  of  Plates. 


X. 


a. 


4« 
5. 


8. 


la 


XI. 
X9. 


»3. 


X4. 


xs«. 


Hollow  and  Bar  Keds,  Stem  and 
Stem  Posts.  [Pieses. 

Side  Frames,   Floorines,  and   Bilge 

Floorings  ccniinued — Keelsons,  Deck 
Beams,  Gunwales,  and  Sirineers. 

Gunwales  amtintud — Lower  Decks, 
and  Orlop  Beams. 

Gunwales  atad  Deck  Beam  Iron. 

Angle-Iron.  T  Iron,  Z  Iron,  Bulb 
Iron,  as  Rolled  for  Building. 

Rivets,  shown  in  section,  natural  size ; 
Flush  and  Lapped  Joints,  with 
Single  and  Double  Riveting. 

Plating,  three  plans ;  Bulkhotds  and 
Mo(MS  of  Securing  them. 

Iron  Masts,  with  Longitudinal  and 
Transverse  Sections. 

Sliding  Keel,  Water  BaIkist,MouIding 
the  Frames  in  Iron  Ship  Building, 
Levelling  Plates. 

Longitudinal  Section,  and  Half- 
breadth  Deck  Plan  of  Large  Vessels 
on  a  reduced  Scale. 

Midship  Sections  of  Three  Vessels. 

LMrge  Veuelf  showing  Details — Fore 
End  in  Section,  and  End  View, 
with  Stem  Post,  Crutches,  &c. 

Large  fVutf/.showing  De\si\\&^A/ier 
End  in  Section,  with  End  ^ew, 
Stem  Frame  for  Screw,  and  Rudder. 

Large  ^Vfiv/,  showing  Details— il/Ai/- 
ship  SecticHfhaAf  breadth. 

Mackitu*  for  Punching  and  Shearing 
Plates  and  Angle-Iron,  and  for 
Bending  Pbtes  :  Rivet  Hearth. 

Beam-Bending  Machine,  Indepen- 
dent Shearing,  Punching  and  Angle- 
Iron  Machine. 


X53.  Double  Lever  Punching  and  Shearing 
Machine,  arranged  for  cutting 
Angle  and  T  Iron,  with  Dividing 
Table  and  Engine. 

x6l  Machines. — Garforth's  Riveting  Ma- 
chine, Drilling  and  Counter-Smking 
Machine. 

i6a.  Plate  Planing  Machine. 

17.  Air  Furnace  for  Heating  Plates  and 

Angle-Iron  :  Various  lools  used  in 
Riveting  and  Plating. 

18.  Cumvaie  ;  Keel  and  Flooring  ;  Flan 

for  Sheathing  with  Copper. 

x&x.  Grantham's  Improved  Plan  of  Sheath- 
ing Iron  Ships  with  Copper. 

i^  Illustrations  of  the  Magnetic  Condi- 
tion of  various  Iron  Ships. 

ao.  Gray's  Floatins  Compass  and  Bin- 
nacle, with  Adjusting  Magnets,  &c. 

31.  Corroded  Iron  Bolt  in  Frame  of 
Wooden  Ship  :  Jointing  Plates. 

3»->4.  Great  Eastern — Longitudinal  Sec- 
tions and  Half-breadth  Plans — Mid- 
ship Section,  with  Details — Section 
in  Engine  Room,  and  Paddle  Boxes. 

25-6.  Paddle  Steam  Vessel  of  Steel. 

aj.    Scarbrough — Paddle  Vessel  of  Steel. 

28-9.  Proposed  Passenger  Steamer. 


3«. 
3a. 
33- 
34. 
35- 


Persian — Iron  Screw  Steamer. 
Midship   Section    of  H.M.    Steam 

Frigate,  Warrior. 
Midship    Section    of    H.M.    Steam 

Frigate,  Hercules. 
Stem,   Stem,  and  Rudder  of  H.M. 

Steam  Frigate,  BelUrophon, 
Midship  Section  of  H.  M.  Troop  Ship, 

Serapis. 
Iron  Floating  Dock. 


"An  enlarged  edition  of  an  elaborately  illustrated  work." — Bnildtr. 

"  This  edition  of  Mr.  Grantham's  work  has  been  enlarged  and  improved,  both  with 
respect  to  the  text  and  the  engravings  beinf;  brought  down  to  the  present  period.  .  .  . 
The  practical  operations  required  in  producmg  a  snipare  described  and  illustrated  with 
care  and  precision." — Mechanics*  magasine. 

**  A  thoroughly  practical  work,  and  every  question  of  the  many  in  relation  to  iron 

shipping  which  aidmit  of  diversity  of  opinion,  or  have  various  and  conflicting  personal 

interests  attached  to  them,  is  treated  with  sober  and  impartial  wisdom  and  good  sense. 

.    As  good  a  volume  fur  the  instmction  of  the  pupil  or  student  ot  iron  naval 

architecture  as  can  be  found  in  any  language." — Practuai  Mechanics*  Jeumal. 

"  A  vtry  elaborate  work.^  .  .  .  It  forms  a  most  valuable  addition  to  the  history 
of  iron  shipbuilding,  while  its  having  been  prepared  by  one  who  has  made  the  subject 
his  study  tor  many  years,  and  whose  qualifications  have  been  repeatedly  recognised, 
will  recommend  it  as  one  of  practical  utility  to  all  interested  in  shipbuilding."— yfnwr 
and  Netvy  Gauite, 
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• _^ 

CARPENTRY,  TIMBER,  &C. 

1 

TredgolcPs  Carpentry ^  new^  enlarged^  and  cheaper 
Edition. 

THE    ELEMENTARY    PRINCIPLES  OF  CARPENTRY  : 

a  Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the 
Resistance  of  Timber,  and  the  Construction  of  Floors,  Arches, 
Bridges,  Roofe,  Uniting  Iron  and  Stone  with  Timber,  &c.  To  which, 
is  added  an  Essay  on  the  Nature  and  Properties  of  Timber,  &c., 
with  Descriptions  of  the  Kinds  of  Wood  used  in  Building ;  also 
numerous  Tables  of  the  Scantlines  of  Timber  for  different  purposes, 
the  Specific  Gravities  of  Materisds,  &c.  By  Thomas  Tredgold, 
C.E.  Edited  by  Peter  Barlow,  F.R.S.  Fifth  Edition,  cor- 
rected and  enlaiged.  With  64  Plates  (ii  of  whidi  now  first  appear 
in  this  edition),  Portrait  of  the  Author,  and  several  Woodcuts. .  lu 
I  voL,  4to,  published  at  2/.  2^.,  reduced  to  i/.  5^.,  cloth. 

*' '  Tre<]goId's  Carpentry'  ought  to  be  in  every  architect's  and  every  builder's 
library,  and  those  who  do  not  already  possess  it  ought  to  avail  themselves  of  the  new 
issue. " — Buiider. 

"A  work  whose  monumental  excdlence  must  commend  it  wherever  skilful  car- 
pentry is  concerned.  The  Author's  principles  are  rather  confirmed  than  impaired  by 
time,  and,  as  now  presented/combine  the  surest  base  with  the  most  interesting  duplay 
of  progressive  science.  The  additional  plates  are  of  great  intrinsic  value." — BuUdrng 
New*. 

**  *  Tredgold's  Carpentry'  has  ever  held  a  high  position,  and  the  issue  of  the  fifth 
edition,  in  a  still  more  improved  and  enlai^ed  form,  will  give  satisfaction  to  a  very 
laive  number  of  artLsaus  who  desire  to  raise  themselves  m  their  business,  and  \i^ 
seek  to  do  so  by  displaying  a  greater  amount  of  knowledge  and  intelligence  than  their 
fellow-workmen.  It  is  as  complete  a  work  as  need  be  desired.  To  the  superior 
workman  the  volume  will  prove  mvaluable  ;  it  contains  treatises  written  in  language 
which  he  will  readily  comprehend." — Mming  yaumoL 

Grandys  Timber  Tables. 

THE  TIMBER  IMPORTER'S,  TIMBER  MERCHANTS, 
and  BUILDER'S  STANDARD  GUIDE.  By  Richard  E. 
Grandy.  Comprising  : — An  Analysis  of  Deal  Standards,  Home 
and  Foreign,  with  comparative  Values  and  Tabular  Arrangements 
for  Fixing  Nett  Landed  Cost  on  Baltic  and  North  American  Deals, 
including  all  intermediate  Expenses,  Freight,  Insurance,  Duty,  &c, 
&c.  ;  together  with  Copious  Information  for  the  Retailer  and 
l^uilder.     i2mo,  price  yj.  td,  cloth.  ^ 

"  Everything  it  pretends  to  be :  built  up  gradually,  it  leads  one  from  a  foresPto  a 
treenail,  and  throws  in,  as  a  makeweight,  a  nost  of  material  concerning  bricks,  columns, 
cisterns,  &c. — all  that  the  dass  to  whom  it  appeals  requires." — En^uk  Meckamc. 

"  The  only  (Ufficulty  we  have  is  as  to  what  is  not  in  its  pages,  what  we  have  tested 
of  the  contcnts,taken  at  random,  is  invariably  correct."-'//?«f/ni/A/^ia2i2rr'«  yottmal. 

Tables  for  Packing-CcLse  Makers. 

PACKING-CASE  TABLES  ;  showing  the  number  of  Superficial 

Feet  in  Boxes  or  Packing-Cases,   from  six  inches  square    and 

upwards.      Compiled  by  William  Richardson,  Accountant. 

Oblong  4to,  cloth,  price  3^.  6d. 

"Win  save  much  labour  and  calculation  to  packing<ase  makers  and  diose  who 
packing-cases."— CPrtfcrr.  "  Invaluable  labour-saving  tables."—- /nrflrmmisfim 
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Nicholsofis  Carpenter's  Guide. 

THE  CARPENTER'S  NEW  GUIDE ;  or,  BOOK  of  LINES 
for  CARPENTERS :  comprising  all  the  Elementary  Principles 
essential  for  acquiring  a  knowledge  of  Carpentry.  Founded  on  the 
late  Peter  Nicholson's  standard  work.  A  new  Edition,  revised 
by  Arthur  Ashpitel,  F.S.A.,  together  with  Practical  Rules  on 
Drawing,  by  George  Pyne.    With  74  Plates,  4to,  i/.  ix.  doth. 

Dowsing^ s  Timber  Merchant's  Companion. 

THE  TIMBER  MERCHANT'S  AND  BUILDER'S  COM- 
PANION ;  containing  New  and  Copious  Tables  of  the  Reduced 
Weight  and  Measurement  of  Deals  and  Battens,  of  all  sizes,  from 
One  to  a  Thousand  Pieces,  and  the  relative  Price  that  each  size 
bears  per  Lineal  Foot  to  any  given  Price  per  Petersburgh  Standard 
Hundred ;  the  Price  per  Cube  Foot  of  Square  Timber  to  any  given 
Price  per  Load  of  50  Feet ;  the  proportionate  Value  of  Deals  and 
Battens  by  the  Standard,  to  Square  Timber  by  the  Load  of  50  Feet ; 
the  readiest  mode  of  ascertaining  the  Price  of  Scantling  per  Lineal 
Foot  of  any  size,  to  any  given  Figure  per  Cube  Foot.  Also  a 
variety  of  other  valuable  information.  By  William  Dowsing, 
Timber  Merchant     Second  Edition.     Crown  8vo,  3J'.  doth. 

*'  Everything  is  as  concise  aind  dear  as  it  can  possibly  be  made.    There  can  be  no 
4oubc  that  every  timber  merchant  and  builder  ought  to  possess  vl"— I /nil  Advertiser. 

Timber  Freight  Book, 

THE  TIMBER  IMPORTERS'  AND  SHIPOWNERS* 
FREIGHT  BOOK  :  Being  a  Comprehensive  Series  of  Tables  for 
the  Use  of  Timber  Importers,  Captains  of  Ships,  Shipbrokers, 
Builders,  and  all  Dealers  in  Wood  whatsoever.  By  William 
Richardson,  Timber  Broker,  author  of  **  Packing  Case  Tables,*' 
&c.     Crown  8vo,  cloth,  price  df. 


MECHANICS,  &c. 


Mechanics  Workshop  Companion. 

THE  OPERATIVE  MECHANICS  WORKSHOP  COM- 
PANION, and  THE  SCIENTIFIC  GENTLEMAN'S  PRAC- 
TICAL ASSISTANT  ;  comprising  a  great  variety  of  the  most 
useful  Rules  in  Mechanical  Science ;  with  numerous  Tables  of  Prac- 
tical Data  and  Calculated  Results.  By  W.  Templeton,  Author 
of  "The  Engineer's,  Millwright's,  and  Machinist's  Practical  As- 
sistant." Eleventh  Edition,  with  Mechanical  Tables  for  Operative 
Smiths,  Millwrights,  Engineers,  &c. ;  together  with  several  Useful 
and  Practical  Rules  in  Hydraulics  and  Hydrodynamics,  a  variety 
of  Experimental  Results,  and  an  Extensive  Table  of  Powers  and 
Roots.     II  Plates.    i2mo,  5/.  bound.  \Recently publishid, 

"  As  a  text-book  of  reference,  in  which  mechanical  and  commercial  demands  are 
judiciously  met,  Tbmplbton's  Companion  standsunrivalled.'*-— il/A:44Mii<r/ilf«!f  asm/. 

"  Admirably  adapted  to  the  wants  of  a  very  lar^e  class.  It  has  met  with  great 
success  in  the  engineering  workshop,  as  we  can  testify  ;  and  there  are  a  great  many 
men  who,  in  a  great  measure,  owe  their  rise  in  life  to  this  little  work.  **^BMiiaiM£  News. 
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Engineer's  Assistant 

THE  ENGINEER'S,  MILLWftlGHTS,  and  MACHINISTS 
PRACTICAL  ASSISTANT  ;  comprising  a  Collection  of  Useful 
Tables,  Rules,  and  Data.  Compiled  and  Arranged,  with  Original 
Matter,  by  W.  Templeton.     5tt  Edition.    i8mo,  zs,6d.  doth. 

**  So  much  varied  information  compressed  into  so  small  a  space,  and  published  at  a 
price  which  places  it  within  the  reach  of  the  humblest  mechanic,  cannot  fail  to  com- 
mand the  sale  which  it  deserves.  With  the  utmost  confidence  we  commend  this  book 
to  the  attention  of  our  readers." — Meckatucs*  Magaxifu, 

"  Every  mechanic  should  become  the  possessor  of  the  volume,  and  a  more  suitable 
present  to  an  apprentice  to  any  of  the  mechanical  trades  could  not  possibly  be  made.** 
—Building  News, 

Designings  Measuring,  and  Valuing. 

THE  STUDENTS  GUIDE  to  the  PRACTICE  of  MEA- 
SURING,  and  VALUING  ARTIFICERS'  WORKS;  containing 
Directions  for  taking  Dimensions,  Abstracting  the  same,  and  brining 
the  Quantities  into  Bill,  with  Tables  of  Constants,  and  copious 
Memoranda  for  the  Valuation  of  Labour  and  Materials  in  the  re- 
spective  Trades  of  Bricklayer  and  Slater,  Carpenter  and  Joiner, 
Painter  and  Glazier,  Paperhanger,  &c  With  43  Plates  and  Wood- 
cuts. Originally  edited  by  Edward  Dobson,  Architect.  New 
Edition,  re-written,  with  Additions  on  Mensuration  and  Construc- 
tion, and. several  useful  Tables  for  facilitating  Calculations  and 
Measurements.  By  E.  Wyndham  Tarn,  M.A.,  Architect,  8vo, 
lor.  td.  cloth.  \Recently  published^ 

"  This  useful  book  should  be  in  every  architect's  and  builder's  office.  It  contains 
a  vast  amount  of  information  absolutely  necessary  to  be  known." — The  Irish  Builder, 

"  The  book  is  well  worthy  the  attention  of  the  student  in  architecture  and  surveving; 
as  by  the  careful  study  of  it  his  progress  in  his  profession  will  be  much  facilitated.'*— 
Mining  JoHmal. 

**  We  have  failed  to  discover  anything  connected  with  the  building  trade,  from  ex- 
cavating foundations  to  bell-hangmg,  uat  is  not  fully  treated  upon  in  this  >ailuable 
work."— 'T'A*  Artizan. 

"  Mr.  Tarn  has  well  performed  the  task  imposed  upon  him,  and  has  made  many* 
further  and  valuable  additions,  embodying  a  large  amount  of  information  relating  to 
the  technicalities  and  modes  of  construction  employed  in  the  several  branches  of  the 

building  trade. From  the  extent  of  the  information  which  the  volume 

embodies,  and  the  care  taken  to  .secure  accuracy  in  every  detail,  it  cannot  fail  to  prove 
of  the  highest  value  to  students,  whether  training  in  the  offices  of  provincial  sunreyon, 
or  in  those  of  London  practitioners." — Colliery  Guardian. 

**  Altogether  the  book  is  one  which  well  fulfils  the  promise  of  its  tide-pa^,  and  we 
can  thoroughly  recommend  it  to  the  class  for  whose  use  it  has  been  compiled.  Mr. 
Tarn's  additions  and  revisions  have  much  increased  the  usefulness  of  the  work,  and 
have  especially  augmented  its  value  to  students.  Finally,  it  is  only  just  to  the  pub- 
lishers to  add  that  the  book  has  been  got  up  in  excellent  style,  the  typography  being 
bold  and  clear,  and  the  plates  very  well  executed.*^— Engifteerif^. 

Superficial  Measurement. 

THE  TRADESMAN'S  GUIDE  TO  SUPERFICIAL  MEA- 
SUREMENT. Tables  calculated  from  I  to  200  inches  in  length, 
by  I  to  108  inches  in  breadth.  For  the  use  of  Architects,  Surveyors, 
Engineers,  Timber  Merchants,  Builders,  &c  By  James  Haw- 
4.    KINGS.     Fcp.  3J.  (id,  cloth. 


r 
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MATHEMATICS,  &c. 

» 

Gregory  s  Practical  Mathematics. 

MATHEMATICS  for  PRACTICAL  MEN  ;  being  a  Common- 
place  Book  of  Pure  and  Mixed  Mathematics.  Designed  chiefly 
for  the  Use  of  Civil  Engineers,  Architects,  and  Surveyors.  Part  I. 
Pure  Mathematics — comprising  Arithmetic,  Algebra,  Geometry, 
Mensuration,  Trigonometry,  Conic  Sections,  Properties  of  Curves. 
Part  II.  Mixed  Mathematics — comprising  Mechanics  in  general, 
Statics,  Dynamics,  Hydrostatics,  Hydrodynamics,  Pneumatics, 
Mechanical  Agents,  Strength  of  Materials.  With  an  Appendix  of 
copious  Logarithmic  and  other  Tables.  By  Olinthus  Gregory, 
LL.  D. ,  F.R.  A.  S.  Enlarged  by  Henry  Law,  C. K  4th  Edition, 
carefully  revised  and  corrected  bv  J.  R.  Young,  formerly  Profes- 
sor of  Mathematics,  Belfast  College;  Author  of  '*A  Course  of 
Mathematics,'*  &c.    With  13  Plates.     Medium  8vo,  i/.  u.  doth. 

*'  As  a  standard  work  on  mathematics  it  has  not  been  excelled."— ^r/<A»». 

*'  The  engineer  or  architect  will  here  find  ready  to  his  hand,  ndes  for  solving  neatly 
every  mathematical  difficulty  that  may  arise  in  his  practice.  As  a  moderate  acquaint- 
ance with  arithmetic,  algebra,  and  elementary  geometry  is  absolutely  necessary  to  the 
proper  understanding  of  the  most  useful  portions  of  this  book,  the  author  very  wisely 
nas  devoted  the  first  three  chapters  to  those  subjects,  so  that  the  most  ignorant  may  be 
enabled  to  master  the  wh»le  of  the  book,  without  aid  from  any  other.  The  rules  are  in 
all  cases  explained  by  means  of  examples,  in  which  every  step  of  the  process  is  clearly 
worked  out.** — Builder. 

'*  One  of  the  most  serviceable  books  to  the  practical  mechanics  of  tbe  country.  . 
The  edition  of  1847  was  fortunately  entrusted  to  the  able  hands  of  Mr.  Law,  who 
revised  it  thoroughly,  re-wrote  many  chapters,  and  added  several  sections  to  those 
which  had  been  rendered  imperfect  by  advanced  knowledge.  On  examining  the  various 
and  many  improvements  which  he  introduced  into  the  work,  they  seem  almost  like  a 
new  structure  on  an  old  plan,  or  rather  like  the  restoration  of  an  old  ruin,  not  onlv  to 
its  former  substance,  but  to  an  extent  which  meets  the  larger  requirements  of  mooem 
times.  ....  In  the  edition  just  brought  out,  the  work  has  again  been  revised  by 
Professor  Young.     He  has  modernised  the  notation  throughout,  introduced  a  few 

Kragraphs  here  and  there,  and  corrected  the  numerous  typographical  errors  whadi 
ve  escaped  the  eyes  of  the  former  Editor.  *The  book  is  now  as  complete  as  it  is 

possibie  to  make  it We  have  carried  our  notice  of  this  book  to  a  greater 

length  than  the  space  allowed  us  justified,  but  the  experiments  it  contains  are  so 
interesting,  and  the  method  of  describing  them  so  clear,  that  we  may  be  excused  for 
overstepping  our  limit.  It  is  an  instructive  book  for  the  student,  and  a  Text- 
book for  him  who  having  once  mastered  the  subjects  it  treats  of,  needs  occasionally  to 
refresh  his  memory  upon  them." — Building  Nrws. 

The  Metric  System. 

A  SERIES  OF  METRIC  TABLES,  in  which  the  British 
Standard  Measures  and  Weights  are  compared  with  those  of  the 
Metric  System  at  present  in  use  on  the  Continent  By  C.  II. 
Dow  LING,  C.  E.  Second  Edition,  revised  and  enlarged.  8vo, 
lOr.  (id.  strongly  bound. 

"  Mr.  Bowling's  Tables,  which  are  well  put  together,  come  just  in  time  as  a  ready 
reckoner  for  the  conversion  of  one  system  into  the  other.*' — Atknmum. 

'*  Their  acctuacy  has  been  certified  by  Professor  Airy,  the  Astrooomer-RoyaL"— 
Bwldtr. 

**  Resolution  8.— That  advantage  will  be  derived  from  the  recent  publication  of 
Metric  Tables,  by  C  H.  Dowling,  C.Z."-~Jle/<frifi/S*c/i4mF,  BHtisA  AssaciattM, 
Ba^A. 


22         WORKS  PUBLISHED  BY  LOCKWOOD  &  CO. 

Inwoocts  Tables y  greatly  enlarged  and  improved. 

TABLES  FOR  THE  PURCHASING  of  ESTATES,  Freehold, 
Copyhold,  or  Leasehold;  Annuities,  Advowsons,  &c.,  and  for  the 
Renewing  of  Leases  held  under  Cathedral  Churches,  Collies,  or 
other  corporate  bodies ;  for  Terms  of  Years  certain,  and  for  Lives  ; 
also  for  Valuing  Reversionary  Estates,  Deferred  Annuities,  Next 
Presentations,  &c.,  together  with  Smart's  Five  Tables  of  Compound 
Interest,  and  an  Extension  of  the  same  to  Lower  and  Intermediate 
Rates.  By  William  In  wood.  Architect  The  iSth  edition,  with 
considerable  additions,  and  new  and  valuable  Tables  of  Logarithms 
for  the  more  Difficult  Computations  of  the  Interest  of  Money,  Dis- 
count, Annuities,  &c.,  by  M.  FiiDOR  Thoman,  of  the  Society 
Credit  Mobilier  of  Paris.     l2mo,  &r.  doth. 

\*  This  edition  {the  \%th)  differs  in  many  important  particulars 
from  former  ones.  The  changes  consist^  first,  in  a  mare  convenient 
and  systematic  arrangement  of  the  original  Tables,  and  in  the  remcval 
of  certain  numerical  errors  which  a  very  careful  revision  of  the  whole 
has  enabled  the  present  editor  to  discover;  and  secondly,  in  the 
extension  of  practical  utility  conferred  on  the  work  by  the  introduction 
of  Tables  now  inserted  for  the  first  time.  This  new  and  important 
matter  is  all  so  much  actually  added  to  Inwood's  Tables  ;  notking 
has  been  abstracted  Jrom  the  original  collection:  so  that  those  who  hoeoe 
been  long  in  the  hdit  of  consulting  In  WOOD  for  any  special  proftS' 
sional  purpose  will,  as  heretofore,  find  the  information  sought  still  in 
its  pages, 

*'  Those  interested  in  the  pwchase  and  sale  of  estates,  and  in  the  adjustment  of 
compensation  cases,  as  well  as  in  tranKictions  in  annoitieB,  life  insurances,  &c.,  wiU 
€nd  the  present  edition  of  eminent  service."— ^Mi^VMrrm/; 

Geometry  for  the  Architect,  Engineer y  &c. 

PRACTICAL  GEOMETRY,  for  the  Architect,  Engineer,  and 
Mechanic ;  giving  Rules  for  the  Delineation  and  Application  of 
various  Geometrical  Lines,  Figures  and  Curves,  By  E.  W.  Tarn, 
M.A.,  Architect,  Author  of  "The  Science  of  Building,"  &c. 
With  164  Illustrations.     Demy  8vo.     12/.  td. 

**  No  book  with  the  same  objects  in  view  has  ever  been  published  in  which  the 
KJeamess  of  the  rules  laid  down  and  the  illustrative  diagrams  have  been  so  satis- 
factory."— Scotsman. 

Compound  Interest  and  Annuities. 

THEORY  of  COMPOUND  INTEREST  and  ANNUITIES  ; 
with  Tables  of  Logarithms  for  the  more  Difficult  Computations  of 
Interest,  Discount,  Annuities,  &c.,  in  all  their  Applications  and 
Uses  for  Mercantile  and  State  Purposes.  With  an  elaborate  Intro- 
duction. By  F^DOR  Thoman,  of  the  Society  Cr^t  Mobilier, 
Paris.     i2mo,  cloth,  5^. 

"  A  very  powerful  work,  and  the  Author  has  a  very  remarkable  command  of  lus 
subject." — Proftssor  A.  de  Morgatt. 

"  We  recommend  it  to  the  notice  of  actuaries  and  accountants."— >f/AM»WMr. 
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The  Military  Sciences. 

AIDE-M£M0IRE  to  the  MILITARY  SCIENCES.  Framed 
from  Contributions  of  Officers  and  others  connected  with  the  dif- 
ferent Services.  Originally  edited  by  a  Committee  of  the  Corps  of 
Ro^  Engineers.  Second  Edition,  most  carefully  revised  by  an 
Officer  of  the  Corps,  with  many  additions ;  containing  nearly  350 
Engravings  and  many  hundred  Woodcuts.  3  vols,  ro^^  8vo,  extra 
cloth  boards,  and  lettered,  price  4/.  lor. 

"A  compendious  encyclopaedia  of  military  knowledge,  to  which  we  are  greatly  \s>r 
^/A^/sA."— Edinburgh.  Revinu, 

**  The  most  comprdiensive  woric  of  reference  to  the  military  and  collateral  sciences. 
Among  the  list  of  contributors,  some  serenty-seven  in  number,  will  be  found  names  of 
the  highest  distinction  in  the  tKnioc&,**'~'yoltmU*r  Service  Gaaette, 

Field  Fortification. 

A  TREATISE  on  FIELD  FORTIFICATION,  the  ATTACK 
of  FORTRESSES,  MILITARY,  MINING,  and  RECON- 
NOITRING.  By  Colonel  I.  S.  Macaulay,  late  Professor  of 
Fortification  in  the  R.  M.  A.,  Woolwich.  Sixth  Edition,  crown 
8vo,  cloth,  with  separate  Atlas  of  12  Plates,  price  I2J.  complete. 

Naval  Science.     Edited  by  E.  J.  Reedy  C.B. 

NAVAL  SCIENCE :  a  Quarterly  Magazine  for  Promoting  the 
Improvement  of  Naval  Architecture,  Marine  Engineering,  Steam 
Navigation,  and  Seamanship.  Edited  by  E.  J.  Reed,  C.B.,  late 
Chief  Constructor  of  the  Navy.  Copiously  illustrated.  Price  zr.  dd. 
No.  7,  October,  1873,  now  ready.  (Vol.  I.,  containing  Nos.  I  to  3, 
may  also  be  had,  cloth  boards,  price  I  or.  (ni.) 

%•  The  CofUrihutors  include  the  most  Eminent  Authorities  in  the  several 

branches  of  the  above  subjects. 

Dye-  Wares  and  Colours. 

THE  MANUAL  of  COLOURS  and  DYE-WARES:  their 
Properties,  Applications,  Valuation,  Impurities,  And  Sophistications. 
For  the  Use  of  Dyers,  Printers,  Dry  Salters,  Brokers,  &c.  By  J. 
W.  Slater.     Post  8vo,  cloth,  price  ^s.  6d, 

"A  complete  encydopoBdia  of  the  materia  timei&ria.  The  information  given 
reqwcting  each  article  is  full  and  precis«L  and  the  methods  of  determinmg  the  value 
of  articles  such  as  these,  so  liable  to  sopnistication,  are  given  with  clearness,  and  are 
practical  as  well  as  valuable.**— CAawm/  a»d  Druggist, 

Electricity. 

A  MANUAL  of  ELECTRICITY ;  including  Galvanism,  Mag- 
netism, Diamagnetism,  Electro-Dynamics,  Magno- Electricity,  and 
the  Electric  Telegraph.  By  Henry  M.  Noad,  Ph.D.,  F.C.S., 
Lecturer  on  Chemistrv  at  St.  George's  Hospital  Fourth  Edition, 
entirely  rewritten.    Illustrated  by  500  Woodcuts.   8vo,  i/.  4/.  cloth. 

*'  Hie  commendations  already  bestowed  in  the  pages  of  the  Lancet  on  the  former 
editions  of  this  work  are  more  than  ever  merited  by  the  |)resent.  The  accounts  given 
of  dectridty  and  galvanism  are  not  only  complete  m  a  icientiiic  sense,  but,  which  is  a 
rarer  thing,  are  popular  and  interesting."— /.Affcr/. 
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Text-Book  of  Electricity, 

THE  STUDENT'S  TEXT-BOOK  OF  ELECTRICITY:  in- 
cluding Magnetism,  Voltaic  Electricity,  Electro-Magnetism,  Dia- 
magnetism,  Magneto-Electricity,  Thermo-Electricity,  and  Electric 
Telegraphy.  Being  a  Condensed  Resume  of  the  Theory  and  Ap- 
plication of  Electrical  Science,  including  its  latest  Practical  Deve- 
lopments, particularly  as  relating  to  Aerial  and  Submarine  Tele- 
graphy. By  Henry  M.  No-ad,  Ph.D.,  Lecturer  on  Chemistry  at 
St.  George's  Hospital.     Post  8vo,  400  Illustrations,  izr.  (kl,  cloth. 

*'  We  can  recommend  Dr.  Noad's  book  for  clear  style,  great  nuige  of  subject,  a  good 
index,  and  a  plethora  of  woodcuts." — Aikenaum, 

**  A  most  elaborate  compilation  of  the  faqfs  of  electricity  and  magnetism,  and  of  the 
theories  which  have  been  advanced  conccmmg  them.*' — Popular  Science  Review. 

"  Clear,  compendious,  compact,  well  illustrated,  and  well  printed." — Lancet. 
*'  We  can  strongly  recommend  the  work,  as  an  admirable  text-book,  to  every  student 
—beginner  or  advanced — of  electricity." — Engineering. 

**  Nothing  of  value  has  been  passed  over,  and  nothing  given  but  what  will  lead  to  a 
correct,  and  even  an  exact,  knowledge  of  the  present  state  of  electrical  science.'*— 
Mechanic^  Magazine. 

"  We  know  of  no  book  on  electricity  containing  so  much  information  on  experi- 
mental facts  as  this  does,  for  the  size  of  it,  and  no  book  of  any  size  that  contains  so 
complete  a  range  of  facts."— ^ntjf/uA  Mechanic. 

Riidtmentary  Magnetism. 

RUDIMENTARY  MAGNETISM  :  being  a  concise  exposition 
of  the  general  principles  of  Magnetical  Science,  and  the  purposes 
to  which  it  has  been  applied.  By  Sir  W.  Snow  Harris,  F.R,S. 
New  and  enlarged  Edition,  with  considerable  additions  by  Dr. 
NoAD,  Ph.D.     With  165  Woodcuts.     i2mo,  cloth,  4r.  6d, 

"There 4s  a  good  index,  and  this  volume  of  412  pages  may  be  considered  the  best 
possible  manual  on  the  subject  of  magnetism." — Mechanic^  Magazhu. 

"  As  concise  and  lucid  an  exposition  of  the  phenomena  of  magnetism  as  we  believe 
it  is  possible  to  -write."— English  Mechanic. 

"  Not  only  will  the  scientific  student  find  this  volume  an  invaluable  book  of  refer- 
ence, but  the  general  reader  will  find  in  it  as  much  to  interest  as  to  inform  his  mind. 
Though  a  stnctly  scientific  work,  its  subject  is  handled  in  a  simple  and  readable 
style.  "—J l/tulraled  Eeview. 


Chemical  Analysis, 


THE  COMMERCIAL  HANDBOOK  of  CHEMICAL  ANA- 
LYSIS ;  or  Practical  Instructions  for  the  determination  of  the  In- 
trinsic or  Commercial  Value  of  Substances  used  in  Manufactures, 
in  Trades,  and  in  the  Arts.  By  A.  Normandy,  Author  of  **  Prac- 
tical Introduction  to   Rose's  Chemistry,"  and  Editor  of  Rose's 

I  "Treatise  of  Chemical  Analysis."     Illustrated  with  Woodcuts. 

\  {A  nrM  Edition  of  this  work^  revised  by  Dr,  Noadj  is  in  preparation,) 

"We  recommend  this  book  to  the  careful  perusal  of  every  one ;  it  may  be  truly 
\  ■  affirmed  to  be  of  universal  interest,  and  we  strongly  recommend  it  to  our  readers  as  a 

I  guide,  alike  indispensable  to  the  hoiu;cwife  as  to  the  pharmaceutical  practitioner.**— 

r  Medical  Times. 

"The  very  best  work  on  the  subject  the  English -press  has  yet  produced."— Jl/lr- 
chanic^  Magasitu, 
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Science  and  Art. 

THE  YEAR-BOOK  of  FACTS  in  SCIENCE  and  ART ;  ex- 
hibiting  the  most  important  Improvements  and  Discoveries  of  the 
Past  Year  in  Mechanics  and  the  Useful  Arts,  Natural  Philosophy, 
Electricity,  Chemistry,  Zoology  and  Botany,  Geology  and  Mine- 
ralogy, Meteorology  and  Astronomy.  By  John  Timbs,  F.S.A., 
Author  of  "Curiosities  of  Science,"  "Things  not  Generally 
Known,"  &c     With  Steel  Portrait  and  Vignette.     Fcap.  y.  cloth. 

\*  ms  workt  published  annually^  records  the  proceedings  of  the 
principal  scientific  societies,  and  is  indispensable  to  all  who  wish  to 
possess  a  faithful  record  of  the  latest  novelties  in  science  and  the  arts. 

The  back  Volumes,  from  1861  to  1873,  each  containing  a  Steel 
Portrait,  and  an  extra  Volume  for  1862,  with  Photograph,  may  still 
be  had,  price  5f.  each. 

"  Persons  who  wish  for  a  concise  annual  summary  of  important  scientific  events  will 
find  their  desire  in  the  '  Year  Book  of  Facts.'  *'—Athetutum. 

^  *'  The  standard  work  of  its  dassL  Mr.  Timbs's  '  Year  Book '  is  always  full  of  sugges- 
tive and  interesting  matter,  and  is  an  excellent  risHmi  of  the  year's  progress  in  the 
sciences  and  the  9xtsJ'~SuHder. 

**  A  correct  exponent  of  scientific  progress  ....  a  record  of  abiding  interest  If 
anyone  wishes  to  know  what  piogieas  soence  has  made,  or  what  has  been  done  in  any 
branch  of  art  during  the  past  year,  he  has  only  to  turn  to  Mr.  Umbs's  pages,  and 
is  sure  to  obtain  the  required  inronnation." — AfteMamic^  Magaune, 

**  There  u  not  a  more  useful  or  more  interesting  compilation  than  the  '  Year  Book  of 
Facts.'  .  .  .  The  discrimination  with  which  Mr.  Timbs  selects  his  facts,  and  the  admi- 
rable manner  in  which  he  condenses  into  a  comparatively  short  space  all  the  salient 
features  of  the  matters  which  he  places  on  record,  are  deserving  of  great  praise."— 
RaUway  Ainw. 

Science  and  Scripture. 

SCIENCE  ELUCIDATIVE  OF  SCRIPTURE,  AND  NOT 
ANTAGONISTIC  TO  IT ;  being  a  Series  of  Essays  on— i. 
Allied  Disarejpandes ;  2.  The  Theory  of  the  Geologists  and 
Figure  of  the  Earth ;  3.  The  Mosaic  Cosmogony ;  4.  Miracles  in 
general — Views  of  Hume  and  Powell ;  5.  The  Miracle  of  Joshua — 
views  of  Dr.  Colenso :  The  Supematurally  Impossible ;  6.  The 
Age  of  the  Fixed  Stars— their  Distances  and  Masses.  By  Professor 
J.  R.  Young,  Author  of  "  A  Course  of  Elementary  MaUiematics,'' 
&C.  &C.     Fcap.  8vo,  price  5/.  cloth  lettered. 


"  Professor  Young's  examination  of  the  early  verses  of  Genesis,  in  connection  with 
modem  scientific  hypotheses,  is  exceUenL"'-^M!f /wil  CkMrchman, 

**  Distinguished  by  the  true  spirit  of  scientific  inquiry,  by  great  knowledge,  by  keen 
logical  abiCty,  and'by  a  style  peculiarly  clear,  easy,  and  eneiveti&" — Noncmformi$t, 

*'  No  one  can  rise  from  its  perusal  without  being  impressed  with  a  sense  of  the  sin- 
gular weakness  of  modem  scepticism.*'—' Ai^/u/  MaioMMMe, 

**  A  valuable  contribution  to  controvernal  theok^cal  literature."— CiXi'  Pms. 

Practical  Philosophy. 

A  SYNOPSIS  of  PRACTICAL  PHILOSOPHY.  By  the  Rer. 
John  Carr^  M.A.,  late  Fellow  of  Trin.  ColL,  Cambrid^^.  Second 
Edition.     iSmo,  5/.  doth. 
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Dr.  Lardners  Museum  of  Science  and  Art. 

THE  MUSEUM  OF  SCIENCE  AND  ART.  Edited  by 
DiONYSius  Lardner,  D.CL.,  formerly  Professor  of  Natural  Phi- 
losophy and  Astronomy  in  University  College,  London.  Contents  : 
The  Planets ;  are  they  inhabited  Worlds  ? — Weather  Prognostics — 
Popular  Fallacies  in  Questions  of  Physical  Science — Latitudes  and 
Longitudes — Lunar  Influences — Meteoric  Stones  and.  Shooting 
Stars  —  Railway  Accidents  —  Light — Common  Things  : — Air — 
Locomotion  in  the  United  States — Cometary  Influences — Common 
Things:  Water — The  Potter's  Art — Common  Things:  Fire  — 
Locomotion  and  Transport,  their  Influence  and  Progress — ^The 
Moon — Common  Things  :  The  Earth — The  Electric  Telegraph — 
Terrestrial  Heat — The  Sun — Earthquakes  and  Volcanoes — ^Baro- 
meter, Safety  Lamp,  and  Whitworth's  Micrometric  Apparatus — 
Steam — The  Steam  Engine — The  Eye — The  Atmosphere — ^Time 
— Common  Things  :  Pumps — Common  Things  :  Spectacles,  the 
Kaleidoscope— Clocks  and  Watches — Microscopic  l)nwing  and 
Engraving — Locomotive — ^Thermometer — New  Planets  :  Lever- 
rier  and  Adams's  Planet — Magnitude  and  Minuteness — Common 
Things  :  The  Almanack— Optical  Images — How  to  observe  [the 
Heavens — Common  Things  :  the  Looking-glass — Stellar  Universe 
— The  Tides  —  Colour  —  Common  Things  :  Man  —  Magnifying 
Glasses — Instinct  and  Intelligence — The  Solar  Microscope — ^The 
Camera  Lucida — The  Mafic  Lantern — The  Camera  Obscnra — 
The  Microscope — The  White  Ants  :  their  Manners  and  Habits — 
The  Surface  of  the  Earth,  or  First  Notions  of  Geo^graphy — Science 
and  Poetry — The  Bee  —  Steam  Navigation  —  Electro-Motive 
Power— Thunder,  Lightning,  and  the  Aurora  Borealis — The 
Printing  Press — The  Crust  of  the  Earth — Comets — ^The  Stereo- 
scope— The  Pre- Adamite  Earth — Eclipses — Sound.  With  up- 
wards of  1 200  Engravings  on  Wood.  In  6  Double  Volumes, 
handsomely  bound  in  cloth,  gilt,  red  edges,  price  £\  is, 

"The  'Museum  of  Science  and  Art'  is  the  most  valuable  contribution  tiiat  has 
ever  been  made  to  the  Scientific  Instruction  of  every  class  of  society.**-— 5'<>  David 
Brewster  in  the  North  British  Review. 

**  Whether  we  consider  the  libenlity  and  beauty  of  the  illustrations,  the  diarm  ot 
the  writing,  or  the  durable  interest  of  the  matter,  we  must  e]q>ress  our  belief  that 
there  is  hardly  to  be  found  among  the  new  books,  one  that  would  be  welcomed  by 
people  of  so  many  ages  and  classes  as  a  valuable  present." — Examiiur. 

\*  Separate  books  formed  from  the  adove,  suiiahle  for  WorkmeiCs 

Libraries^  Science  Classes,  d<v. 

Common  Things  Explained.    With  233  lUustrations,  jx.  doth. 
The  Elect&ic  Telegraph  Popularized.  100  Illustrations,  u.d^cloth. 
The  Microscope.    With  147  Illustrations,  zr.  doth. 
Popular  Geology.    With  201  Illustrations,  ar.  6d.  doth. 
Popular  Physics.    With  85  Illustrations.    2s,  6d,  doth. 
Popular  Astronomy.    With  182  Illustrations,  4s.  6d,  doth. 
Steam  and  its  Uses.    With  89  Illustrations,  21.  doth. 
The  Bee  and  White  Ants.    With  135  Illustrations,  dodu 
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Optl 


DR.   LARDNER'S    SCIENTIFIC    HANDBOOKS. 
Astronomy. 

THE  HANDBOOK  OF  ASTRONOMY.  By  Dionysius 
Lardner,  D.C.L.,  formerly  Professor  of  Natural  Philosophy  and 
Astronomy  in  University  College,  London.  Third  Edition.  Re- 
vised and  Edited  by  Edwin  Dunken,  F.R.A.S.,  Superintendent 
of  the  Altazimuth  Department,  Royal  Observatory,  Greenwich. 
With  37  plates  and  upwards  of  100  Woodcuts.  In  i  vol.,  small 
8vo,  doth,  550  pages,  price  *js,  6d. 
"  We  can  cordiallf  recommend  it  to  all  those  who  desire  to  possess  a  complete 
manual  of  the  science  and  practice  of  astronomy." — Astronomical  Reporter, 

^ics, 

THE  HANDBOOK  OF  OPTICS.  New  Edition.  Edited  by 
T.  Olver  Harding,  B.A.  Lond.,  of  University  College,  London. 
With  298  Illustrations.     Small  8vo,  cloth,  448  pages,  price  5s. 

Electricity. 

THE  HANDBOOK  of  ELECTRICITY,  MAGNETISM,  and 

ACOUSTICS.    New  Edition.     Edited  by  Geo.  Carey  Foster, 

B.A.,  F.C.S.    With  400  Illustrations.     Smsdl  8vo,  cloth,  price  5s. 

"  The  book  could  not  have  been  entrusted  to  any;  one  better  calculated  to  preserve 

the  terse  and  lucid  style  of  Lardner,  while  correcting  his  erron  and  brining  up  his 

work  to  the  present  state  of  scientific  knowledge." — Popular  Scienc*  Review. 

Mechanics. 

THE  HANDBOOK  OF  MECHANICS.  \ReprinHng. 

Hydrostatics. 

THE  HANDBOOK  of  HYDROSTATICS  and  PNEUMA- 
TICS.  New  Edition,  Revised,  and  Enlarged  by  Benjamin 
Loewy,  F.R.A.S.     With  numerous  Illustrations.      \ln  the  press. 

Heat. 

THE  HANDBOOK  OF  HEAT.  New  Edition,  Re-written  and 
Enlarged.     By  Benjamin  LoEWY,  F.R.  A. S.  [Preparing, 

Animal  Physics. 

THE  HANDBOOK  OF  ANIMAL  PHYSICS.  With  520 
Illustrations.     New  edition,  small  8vo,  cloth,  7^.  6^.  732  pages. 

\Just  published. 

Electric  Telegraph. 

THE    ELECTRIC  TELEGRAPH.     New  Edition.      Revised 
and  Re-written  by  E.  B.  Bright,  F.R.A.S.     140  Illustrations. 
Small  8vo,  y.  6d.  cloth. 
*'  One  of  the  most  readable  books  extant  on  the  Electric  Telegraph.*'— >i?N|f.  Mechanic. 

NATURAL  PHILOSOPHY  FOR  SCHOOLS.    By  Dr.  Lardner 
328  Illustrations.     Fifth  Edition.     I  vol.  ^j.  ^d.  cloth. 
"  A  very  convenient  class-book  for  junior  students  in  private  schools.     It  is  in- 
tended to  convey,  in  clear  and  precise  terms,  general  notions  of  ail  the  principal 
divifitons  of  Physical  Science." — British  QnarterTy  Review, 

ANIMAL  PHYSIOLOGY  FOR  SCHOOLS.     By  Dr.  Laedner. 
With  100  lUustintioos.     Second  Edition.     I  vol.  ^r.  (td.  cloth. 
'Clearly  wriiten.well  arranged,  and  excellently  illustrated."— {^an^rmr^^CArvmcZr. 


**i 
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Geology  and  Genesis  Harmonised. 

THE  TWIN  RECORDS  of  CREATION;  or.  Geology  and 
Genesis,  their  Perfect  Harmony  and  Wonderful  Concoid.  By 
George  W.  Victor  Le  Vaux.  With  numerous  Illustrations. 
Fcap.  8vo,  prjpe  5x.  cloth. 

**  We  can  recommend  Mr.  Le  Vaux  as  an  able  and  interesting^  guide  to  a  popular 
appreciation  of  geological  science." — Spectator. 

*'The  author  coim>me5  an  unbounded  admiration  of  science  with  an  unbounded 
admiration  of  the  Written  Record.  The  two  impulses  are  balanced  to  a  nicety ;  and 
the  coi^sequence  is,  that  difficulties,  which  to  minds  less  evenly  poised,  would  be 
serious,  find  immediate  solutions  of  the  happiest  kinds." — L<md<m  Review,  • 

"  Vigorously  written,  reverent  in  spirit,  stored  with  instructive  geological  facts,  and 
designed  to  show  that  there  is  no  discrepancy  or  inconsistency  between  the  Word  and 
the  works  of  the  Creator.  The  future  of  Nature,  in  connexion  with  the  glorious  destiny 
of  man,  is  vividly  conceived." — Watchman. 

*'  No  real  difficulty  is  shirked,  and  no  sophistry  is  left  unexposed.** — The  Reck, 

Geology,  Physical. 

PHYSICAL    GEOLOGY.      (ParUy  based    on   Major-Gcncial 

Portlock's  Rudiments  of  Geology.)     By  Ralph  Tate,  A.L.S., 

'         F.G.S.     Numerous  Woodcuts.     i2mo,  2j,  [Ready. 

Geology^  Historical. 

HISTORICAL  GEOLOGY.  (Partly  based  on  Major-Gcneral 
Portlock's  Rudiments  of  Geology.)  By  Ralph  Tate,  A.L.S., 
F.G.S.     Numerous  Woodcuts.     i2mo^  2x.  6^.  [Ready. 

%•  Or  Physical  and  Historical  Geology,  hmnd  in  One 
Volumt,  price  ^s. 

Wood'  Carving. 

INSTRUCTIONS  in  WOOD-CARVING,  for  Amateurs ;  with 
Hints  on  Design.     By  A  Lady.     In  emblematic  wrapper,  hand- 
somely printed,  with  Ten  large  Plates,  price  2J-.  dd. 
The  handicraft  of  the  wood-carver,  so  well  as  a  book  can  impart  it,  may  be  leaxnt 
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from  '  A  Lady's '  publication." — Atheneeum. 

*  •  A  real  prtutical  g[uide.     It  is  very  complete.  **— Z  iterary  CkKrckman. 

*'  The  directions  given  are  plain  and  easily  understood,  and  it  forms  a  very  good 
introduction  to  the  practical  part  of  the  carvez^s  arL" — English  Mechanic. 

Popular  Work  on  Painting. 

PAINTING  POPULARLY  EXPLAINED;  with  Historical 
Sketches  of  the  Progress  of  the  Art  By  Thomas  John  Gullick, 
Painter,  and  John  Timbs,  F.S.A.  Second  Edition,  revised  and 
enlarged.    With  Frontispiece  and  Vignette.    In  small  8vo,  df.  doth. 

%*  This  Work  has  been  adopted  as  a  Prize-book  in  the  Schools  of  ' 

Art  at  South  Kensington, 

"  A  work  that  may  be  advantageously  consulted.  Much  may  be  learned,  even  by 
those  who  fancy  they  do  not  requure  to  be  taught,  from  the  careful  perusal  of  this 
unpretending  but  comprehensive  treatise.  * — A  rt  Jtmrnai. 

*  A  valuable  book,  which  supplies  a  want.  It  contains  a  Isan  amount  of  ori^nal  1 1 
matter,  agreeably  conveyed,  and  will  be  found  of  value,  as  well  by  the  young  artist  j 
seeking  ioibrmation  as  by  the  general  reader.  We  give  a  cordial  welcome  to  the  book, 
and  augur  for  it  an  incrcasiug  reputation."— .^Mi/<^!rr. 

"Tms  volume  is  one  that  we  can  heartiljr  recommend  to  all  who  are  desirous  of 
understanding  what  they  admire  m  a  good  painting." — Dailif  News. 
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Delamott^s  Works  on  Illumination  &  Alphabets. 

A  PRIMER  OF  THE  ART  OF  ILLUMINATION ;  for  the 
use  of  Beginners :  with  a  Rudimentary  Treatise  on  the  Art,  Prac- 
tical Directions  for  its  Exercise,  and  numerous  Escamples  taken 
from  Illuminated  MSS.,  printed  in  Gold  and  Colours.  By  F.  Dela- 
MOTTB.     Small  4to,  price  91.    Elegantly  bound,  cloth  antique. 

"A  handy  book,  beautifully  illustrated ;  the  text  of  which  is  well  written,  and  cal- 
culated to  be  usefuL  .  .  .  The  examples  of  ancient  MSS.  recommended  to  the  student, 
which,  with  much  good  sense,  the  author  chooses  from  collections  accessible  to  all,  are 
selected  with  judgment  and  knowledge,  as  well  as  taste." — Athetutum, 

ORNAMENTAL  ALPHABETS,  ANCIENT  and  MEDIAEVAL ; 
from  the  Eighth  Century,  with  Numerals  ;  including  Gothic, 
Church-Text,  large  and  snudl,  German,  Italian,  Arabesque,  Initials 
for  Illumination,  Monograms,  Crosses,  &c.  &c.,  for  the  use  of 
Architectural  and  Engineering^  Draughtsmen,  Missal  Painters, 
Masons,  Decorative  Painters,  Lithographers,  Engravers,  Carvers, 
&c  &C.  &c.  Collected  and  engraved  by  F.  Delamotte,  and 
printed  In  Colours.     Royal  8vo,  oblong,  price  4r.  cloth. 

"A  well-known  engraver  and  draughtsman  has  enrolled  in  this  useful  book  the 
result  of  many  years'  study  and  research.  For  those  who  insert  enamelled  sentences 
round  gilded  chalices,  who  blazon  shop  l^ends  over  shop-doors,  who  letter  church 
walls  with  pithy  sentences  from  the  Decalogue,  this  book  wfll  be  tisefuL"— v^Mmmtimm. 

EXAMPLES  OF  MODERN  ALPIJABETS,  PLAIN  and  ORNA- 
MENTAL; including  German,  Old  English,  Saxon,  Italic,  Per- 
spective, Greek,  Hebrew,  Court  Hand,  Engrossing,  Tuscan, 
Riband,  Gothic,  Rustic,  and  Arabesque;  with  several  Original 
Designs,  and  an  Analysis  of  the  Roman  and  Old  English  Alpha- 
bets, large  and  small,  and  Numerals,  for  the  use  of  Draughtsmen, 
Surveyors,  Masons,  Decorative  Painters,  Lithographers,  Engravers, 
Carvers,  &c  Collected  and  engraved  by  F.  Delamotte,  and 
printed  in  Colours.     Royal  8vo,  oblong,  price  4/.  cloth. 

"  To  artists  of  all  daases,  but  more  especially  to  architects  and  engravers,  this  very 
handsome  book  will  be  invaluable.  There  is  comprised  in  it  every  possible  shape  into 
which  the  letters  of  the  alphabet  and  numerals  can  be  formed,  and  the  talem  which 
has  been  expended  m  the  conception  of  the  various  plain  and  ornamental  letters  is 
wondetful.  ^--StandartL 

MEDIiEVAL  ALPHABETS  AND  INITIALS  FOR  ILLUMI- 
NATORS.  By  F.  Delamotte,  Illuminator,  Designer,  and 
Engraver  on  Wood.  Containing  21  Plates,  and  Illuminated  Title, 
printed  in  Gold  and  Colours.  With  an  Introduction  by  J.  Willis 
Brooks.    Small  4to,  dr.  doth  gilt. 

"  A  volume  in  which  the  letters  of  the  alphabet  come  forth  glorified  in  gilding  and 
aU  the  colours  of  the  prism  interwoven  and  intertwined  and  intermingled,  somedmes 
with  a  sort  of  rainbow  arabesque.  A  poem  emblazoned  in  these  characters  would  be 
onlv  comparable  to  one  of  those  delicious  love  letters  symbolized  in  a  bunch  of  flowers 
well  selected  and  cleverly  arranged." — Sun, 

THE  EMBROIDERER'S  BOOK  OF  DESIGN ;  containing  Initials, 
Emblems,  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesias- 
tical Devices,  Mediaeval  and  Modem  Alphabets,  and  National 
Emblems.  Collected  and  engraved  by  F.  Delamotte,  and 
printed  in  Colours.    Oblong  royal  8vo,  zr.  td,  in  ornamental  boards. 
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AGRICULTURE,  &c. 


Yauatt  and  Burtis  Complete  Grazier. 

THE  COMPLETE  GRAZIER,  and  FARMER»S  and  CATTLE- 
BREEDER'S  ASSISTANT.  A  Compendium  of  Husbandry. 
By  William  Youatt,  Esq.,  V.S.  nth  Edition,  enlaiged  by 
Robert  Scott  Burn,  Author  of  "The  Lessons  of  My  Farm,"  &c. 
One  large  8vo  volume,  784  pp.  with  215  Illustrations,  i/.  u.  half-bd. 


CONTENTS. 


On  iht  Breeding^^  Rearing'^  Faiiening, 
and  G^ngrmi  Management  e^Neat  Cattle. 
— IntroductorvViewof  thedifierent  Breeds 
of  Neat  CatUe  in  Great  Britain. — Com- 
parative View  of  the  different  Breeds  of 
Neat  Catde. -—General  Observations  on 
btmnfand  Stocking  a  Farm  with  Catde. 
—The  Bull. —The  Cow.— Treatment  and 
Rearing  of  Calves. — Feedingof  Calves  for 
Veal.— -Steers  and  Draught  Oxen. — Gtas- 
Cattle. — Summer  Soiling  Cattle. — 
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/Inter  Box  and  Stall-feedinsr  Cattle.— 
Artificial  Food  for  Catde.— Preparation 
of  Food.— Sale  of  Catde. 

On  ike  Economy  and  MoMagement  of 
ike  Dairy. — Milch  Kine.— Pasture  and 
other  Food  best  calculated  for  Cows,  as 
it  regards  their  Milk. — Situation  and 
Buildmn  proper  for  a  Dairy,  and  the 
proper  Daiiy  Uten&ils. — Management  of 
Milk  and  Cream,  and  the  Making  and 
Preservation  of  Butter.— Making  and  Pre- 
servation of  Cheese. — Produce  of  a  Dairy. 

On  ike  Breeding.  Reariftr,  and  Ma- 
nagement 0/ Farm-horses. — introductory 
and  Comparative  View  of  the  different 
Breeds  of  Farm-horses. — Breeding  Horses, 
Cart  Stallions  and  Mares. — Rearing  and 
Training  of  Colts. — Age,  Qualifications, 
and  Sale  of  Horses. — Maintenance  and 
Labour  of  Farm-horses.  —  Conmarative 
Merits  of  Draught  Oxen  and  Horses.— 
Asses  and  Mules. 

On  ike  Breedinr^  Rearing^  and  Fai' 
iening  e/Skee/. — Introductory  and  Com- 

Brative  View  of  the  different  Breeds. — 
erino,  or  Spanish  Sheep. — Breeding  and 
Management  of  Sheep.  —  Treatment  and 
Rearing  of  House-lambs,  Feedingof  Sheep, 
Folding  Sheep,  Shearing  of  Sheep,  &c. 

On  ike  Breeding,  Rearing^  and  Fai- 
tening  of  Swine.— -Introductory  and  Com- 
paraQve  View  of  the  different  Breeds  of 
Swine. — Breeding  and  Rearing  of  Pigs. — 
Feeding  and  Fattening  of  Swine. — Curing 
Fork  and  Bacon. 


On  ike  Diseases  of  Catile.—iyi 

Incident  to  Cattle.— Diseases  of  Calves.-^ 
Diseases  of  Horses.— Diseases  of  Sheep. — 
Diseases  of  Lambs. — ^Diseases  Inddoit  to 
Swine. — Breeding  and  Rearing  of  Do- 
mestic Fowls,  Pigeons,  &&— nunipedes^ 
or  Web-footed  kinds. — Diseases  of  Fowls. 

On  Farm  Offices  and  Implements  of 
Husbandry. — "Die  Farm-house,  the  Farm- 
yard, and  its  Offices.  —  Construction  of 
Ponds. — Farm  Cottages. — Farm  Imple- 
ments.— Steam  Culdvation. — Sowing  Ma- 
chines, and  Manure  Distributors.— Steam 
Engines,  Thrashing  Machino,  Corn- 
dressing  Machines,  Mills,  Bruidng  Ma- 
chines. 

On  ike  Cidiure  and  Man^etlteni  of 
Grass  Land. — Size  and  Shape  of  Field^ 
—Fences.  —  Pasture  Land.  —  Meadow 
Land. — Culture  of  Grass  Land. — Hay- 
making.— Stacking  Hay. — Impediments 
to  the  Scythe  anid  the  Eradication  of 
Weeds.— Paring  and  Burning. — ^Draining. 
Irrigation. — Warpinf^. 

On  ike  Cultroatton  and  Ap^lieaiion 
of  Grasses^  Pulse,  and  Roots. — Natural 
Grasses  usually  cultivated.  —  Artificial 
Grasses  or  Green  Crops.  —  Grain  and 
Pulse  commonly  culdvated  for  their 
Speeds,  for  their  Straw,  or  for  Green 
Forage. — ^Vegetables  best  calculated  for 
Animal  Food. — Qualities  and  Compara- 
tive Value  of  some  Grasses  and  Roots  as 
Food  for  Catde. 

On  Manures  in  General,  and  their 
Afplicaiion  to  Grass  Leutd. — Vegetable 
Manures.— Animal  Manures. — Fonil  and 
Mineral  Manures.— Liquid  or  Fluid  Ma- 
nures.— Composts. — Preservation  of  Ma- 
nures.— ^Application  of  Manures.— Flemish 
System  of  Manuring. — Farm  Accounts, 
and  Tables  for  Calculating  Labour  by  the 
Acre,  Rood,  &c.,  and  by  the  Day,  wedc* 
Month,  &c.— Monthly  Calendar  of  Work 
to  be  done  throughout  the  Year. — Obaer- 
vadons  on  the  Weather. — Inobx. 


"  The  standard  and  text-book,  with  the  farmer  and  grazier."— /^l«rwMr'«  MagaasMO. 

"  A  valuable  repertory  of  intelligence  for  all  who  make  agriculture  a  pursuit,  and 
especially  for  those  who  aim  at  keeping  pace  with  the  improvements  of  the  age." — 
Beirs  Messenger. 

'*  A  treatise  which  will  remain  a  standard  work  on  die  subject  as  long  as  British 
agriculture  endures." — Mark  Lane  Expreu. 
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Scott  Burtis  System  of  Modern  Farming. 

OUTLINE  OF  MODERN  FARMING.     By  R.  Scott  Burn. 

Soils,   Manures,    and    Crops — Fanning  and  Fanning  Economy, 

Historical  and  Practical-^Cattle,  Sheep,  and  Horses — Management 

of  the  Dairy,  Pigs,  and  Poultry,  with  Notes  on  the  Diseases  of 

Stock — Utilisation  of  Town-Sewage,  Irrigation,  and  Reclamation 

of  Waste  Land.     New  Eldition.     In  i  vol.  1250  pp.,  half-bound, 

profusely  Illustrated,  price  X2J. 

"  There  is  sufficient  seated  within  the  limits  of  this  treatise  to  prevent  a  farmer 

from  going  far  wrong  in  any  of  his  opetations.     .    .     .    The  author  has  had  great 

personal  experienco.  and  his  opini(»s  are  entitled  to  every  respect"— C7^«rrv«r. 

Scott  Burtis  Introduction  to  Farming. 

THE  LESSONS  of  MY  FARM  :  a  Book  for  Amateur  Agricul- 
turists, being  an  Introduction  to  Farm  Practice,  in  the  Culture  of 
Crops,  the  Feeding  of  Cattle,  Management  of  the  Dairy,  Poultry, 
and  Pigs,  and  in  the  Keeping  of  Farm- work  Records.  By  Robert 
Scott  Burn,  Editor  of  "The  Year-Book  of  Agricultural  Facts," 
&C.  With  numerous  Illustrations.  Fcp.  dr.  cloth. 
"  A  most  complete  introduction  to  the  whole  round  of  farming  practice." — yohn 

BmIL 

"There  are  many  hints  in  it  which  even  old  farmers  need  not  be  ashamed  to 

accept." — Morning  Herald, 

Tables  for  Land  Valuers. 

THE  LAND  VALUER'S  BEST  ASSISTANT:  being  Tables, 

on  a  very  much  improved  Plan,  for  Calculating  the  Value  of 

Estates.     To  which  are  added.  Tables  for  redudng  Scotch,  Irish, 

and  Provincial  Customary  Acres  to  Statute  Measure ;  also,  Tables 

of  Square  Measure,  and  of  the  various  Dimensions  of  an  Acre  in 

Perches  and  Yards,  by  which  the  Contents  of  any  Plot  of  Ground 

may  be  ascertained  without  the  expense  of  a  r^;ular  Survey ;  &c. 

By  R.  Hudson,  C.  E.     New  Edition,  price  4r.  strongly  bound. 

"  Thu  new  edition  includes  tables  for  ascertaining  the  value  of  leases  for  any  term 

of  years ;  and  for  showing  how  to  lay  out  plots  of  ^und  of  ce/tain  acres  in  fonns, 

sjiuare,  roona,  &c,  with  valuable  rules  for  ascertaining  the  probable  worth  of  Manding 

timber  to  any  amount ;  and  is  of  incalculable  value  to  the  country  gentleman  sukI  pro* 

fessional  man." — Farmer's  youmal. 

Auctioneer's  Assistant. 

THE  APPRAISER,  AUCTIONEER,  BROKER,  HOUSE 
AND  ESTATE  AGENT,  AND  VALUER'S  POCKET  AS- 
SISTANT, for  the  Valuation  for  Purchase,  Sale,  or  Renewal  of 
Leases,  Annuities,  and  Reversions,  and  of  property  ceneially; 
with  Prices  for  Inventories,  &c  Bv  John  Wheeler,  Valuer,  &c. 
Third  Edition,  enlazged,  by  C  NORRIS.  Royal  32mo,  strongly 
bound,  price  ^.  \Recently  pubUshitd. 

'*  A  neat  and  concise  book  of  reference,  containing  an  admirable  and  dearly- 
arranged  list  of  prices  for  inventories,  and  a  very  practical  guide  to  dtcennme  the 
value  of  furniture,  Ac^-^iandard. 

The  Civil  Service  Book-keeping, 

BOOK-KEEPING  NO  MYSTERY:  its  Principles  popularly  a- 
plained,  and  the  Theory  of  Double  Entry  analvs^  By  an  Expe- 
rienced Book-Keepbk,  late  of  H.M.  Civil  Service.  Second 
Edition.    Fcp.  8vo.  price  2x.  doth. 

"A  book  whicb  raingB  die  so-called  mysteries  within  tha  comprdieiisfen  of  the 
■implett  capacity."— tS'MMi^^r  TImmv. 
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"  yi .  Complete  Epitome  of  tite  Laws  of  this 
Country  y 

EVERY  MAN'S  OWN  LAWYER ;  a  Handy-Book  of  the  Prin- 
ciples of  Law  and  Equity.  By  A  Barrister,  nth'  Edition, 
carefully  revised,  including  a  Summary  of  the  Ballot  Act,  The 
Adulteration  of  Food  Act,  The  Masters*  and  Workmen's  Arbitra- 
tion Act,  the  Reported  Cases  of  the  Courts  of  Law  and  Equity,  &c. 
With  Notes  and  References  to  the  Authorities.  i2mo,  price  ox.  &/. 
(saved  at  every  consultation),  strongly  bound. 

\_Now  ready. 

Comprising  the  Rights  and  Wrongs  of  Individuals^  MercantHe  and  Com- 
mercial Law,  Criminal  Law^  Parish  Law,  County  Court  JLaw^ 
Game  and  Fishery  Laws,  Poor  Metis  Lawsuits, 

THE  LAWS  OF 
Bankkuptcy— Bills  of  Es^chancb— Contracts  and  Agrkbments — Copyright 

— DOWBR  AND  DiVORCB — ElBCTIONS  AND  REGISTRATION — INSURANCE — LXBSL 

AND  Slander— Mortgages— Sbttlements— Stock  Exchange  Practice — 
TkADE  Marks  and  Patents — Trespass,  Nuisances,  etc— Traksfbr  of 
Land,  btc. — ^Warranty — ^Wills  and  Agreements,  etc 

Also  Law  for 
Landlord  and  Tenant— Master  and  Servant— Workmen   and  Apprentices — Hens, 
Devisees,  and  Legatees — Husband  and  Wife — Executonand  Trustees — Guardian 
and  Ward — Married  Women  and  Infants — Psutners  and  Agents— Lender  and 
Borrower — Debtor  and  Creditor— Purchaser  and  Vendor — Companies  and  Afiso- 
ctations— Friendly  Societies — Qergymen,  Churchwardens — Medical  Practitioners, 
&c. — Bankers — Fanners — Contractors — Stock   and   Share    Brokers — Sportsmen 
and  Gamekeepers — Farriers  and  Horse-Dealers — Auctioneers,  House-A|;ents— 
Innkeepers,  &c. — Pawnbrokers — Surveyors — Rxulwaysand  Carriers,  &c  &c. 
"  No  Englishman  ought  to  he  without  this  book .  .  .  any  person  perfectly  unin- 
formed on  legal  matters,  who  may  require  sound  information  on  unknown  law  points, 
w^,  by  reference  to  this  book,  acquire  the  necessary  information ;  and  thus  on  many 
occasions  save  the  expense  and  loss  of  time  of  a  visit  to  a  lawyer." — Engineer. 

*'  It  is  a  complete  code  of  English  Law,  written  in  plain  language  which  all  can 
understand  . .  .  should  be  in  the  hands  of  every  business  man,  and  all  who  wish  to 
abolish  lawyers'  h\ns."^H^eeily  Times. 

"  A  useful  and  concLse  epitome  of  the  law,  compiled  with  consderable  care.** — Lazu 
Magazine. 

**  What  it  professes  to  be— a  complete  epitome  of  the  laws  of  this  country,  thoroughly 
intelligible  to  non-professional  readers.  The  book  is  a  handy  one  to  have  in  readt- 
ness  when  some  knotty  point  requires  ready  solution." — BelFs  Life, 

Pawnbrokers   Lef^al  Guide. 

THE  PAWNBROKERS',  FACTORS',  and  MERCHANTS 
GUIDE  to  the  LAW  of  LOANS  and  PLEDGES.  With  the 
Statutes  and  a  Digest  of  Cases  on  Rights  and  Liabilities,  Civil  and 
Criminal,  as  to  Loans  and  Pledges  of  Goods,  Debentures,  Mercan- 
tile, and  other  Securities.  By  H.  C.  Folkard,  Esq.,  of  Lincoln's 
Inn,  Barrister-at-Law,  Author  of  the  **  Law  of  Slander  and  Libel," 
&c.     i2mo,  cloth  boards,  price  7^.  {Just pubHsked, 

The  Laws  of  Mines  and  Mining  Companies. 

A  PRACTICAL  TREATISE  on  the  LAW  RELATING  to 
MINES  and  MINING  COMPANIES.  By  Whitton  ARUN- 
DELL,  Attomey-at-Law.     Crown  8vo.  4f.  cloth. 


Bradbury,  A«new,  &  Co.,  Prtnters,  Whlteftian.LoadoD. 


THB  rmZX  XBSAL,  nfTBBV&nOVAL  AUlUMiinf,  U6S, 
WM  amdri  t«  a«  PnblUkm  of 

1        A  NEW  LIST 


WEALE'S 
RUDIMENTARY  SCIENTIFIC,  ED 

AND  CLASSICAL  SERIES. 


Th, 

niUd  Ip  lilt 

•dck 

ofEn 

mmf  of  Scirmcr,  A 

or"" 

rt.and 

rlY  Thrift 

ifudrrd 

rlmmr 

l-drHh 

l.itrra 

-/■/-< 

''■* 

™*r. ' 

"'I'l^ 

««  *//bo 

tHiim 

^ 

«i 

'ii?-;: 

■Inth,  unlen  atb«w1»  lUInl. 


KUDIHGNTi&T   SCIEMTIFIC    SEBIES. 

ARCHITECTURE,  BUILDING,  ETC. 

No. 

16.  ARCHITECTURE— ORDERS— 1\>K  Orden  and  ihcir  iEslhetir 

Prlnciplri.    Kv  W.  II.  LiFin.    Illaunlrd.    ik  6d. 

17.  ARCHJTEcTURB^STYLES—IYie  HUtory  and  Descripiionof 

Ihr  SkIpi  of  AichJtnriiini  of  Virioni  CoDntria,  horn  Ihe  KjirJioi  u.  (be 
Prnent  Prriod.     Hy  T.  iAiwT  liunT,  F.KI.aA.,  «i. .    llluMnwI.    u 
V  OtD  B'  AM)  Sulij  op  AnoiiT.CTumi.  tn  0-1  in.,  u.  td. 

18.  ARCHITECTURE— DESION--T\v:   Principle*    01    DCTien    in 

Arehitrciu"',  M  lieduciblt  from  Nature  and  cicmpli^Hl  in  the  Wo>k.  nf  Ibe 

Greek  sndOutlMcArrliilrcti.  Ky  E.  L.  Gaubitt.  Aivhilrcl.  lilnitralfil    is. 

*.■   Tkr  Him  pTTCrditg    Worla.    in   Onr    kandismit    I'at.,   half    A»jU',     tmtiUtd 

It.  THE  ART  Oh  BUILDING.  Rudimen" of!    General  Principles 

of  Conilnirliotl,  SUtrriai.  M«J  in  HuiWim.  Strength  lnd  U»  of  M*lrrT>li. 
Wockine  DnwinKi,  Sperifirationt,  rwd  £itiiiHI».  Br  Edwmd  Doboh. 
M.K.l.n.A.,('r.     ILttiitril^.     I..M. 

>j.  BRICKS  ASD  TILES.  RudiinenUiy  Tieati-c  on  the  Manufac- 
liin  of;  rontiininf  *n  Outline  of  the  Princfpla  of  Bricknukin*.  Hr  Edu'. 
l>aB-'OH,M.R.I.H.A.  WilhAddiiiDD>brC.T(»>LUU0!i.F.K.S.llIuitTit«9  ». 

15.  MASONRY  AND  STONECU7T1NG,  Hudimenlat;  Tttatwe 
on  ;  in  vhich  Ibe  Principirt  of  Hunnic  Projection  ind  (heir  applicition  lo 
the  ConRriKlion  of  Caned  Wini-Wallt,  botnei.  Oblique  Hrid^,  asd 
Komonud  Gothic  Vault  inc.  are  conriiely  explained.  Br  Kdwiii  JUohok. 
M.&.t.n.A,,I<c     IlluiIrauS  with  Platei  and  blipani.    k.  6d. 

44.  FOUNDATIONS  AND  CONCRETE  WORKS,  a  Rui]imenlar>- 

W^k!l!*witb'  the  iuhI  Uodei  of  'rnatment,  aadPraetiral  Kc^rrk^'m 
Footjnfi,  Plinkiflc,  Sand,  CoocrWe,  IMlon.  Pile-driTin«.  Caiuoni,  and 
Col^idami.  Ky  E.  DonsoH,  M.K.I.B.A.,  ac.  Third  Kdilion,  renKd  by 
Giuaoi  DoDD,C.E.    Il1u.ir.tnl.    i..6d. 
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Architecture,  Building,  etc.,  continued. 

4*.  COTTAGE  BUILDING;  or,  Hints  for  I]npro\inj?  the  DweUings 
of  the  Workioff  Classes  and  the  Labosrini^  Poor.  By  C.  Brucb  Aixrn^ 
Architect.  With  Notes  aod  Additions  by  John  Wealb  and  others.  Eleventh 
Edition,  revised  and  enlarged.    Numerous  Illustrations,    is.  6d. 

45.  LIMES.  CEMENTS,  MORTARS,  CONCRETES.  MASTICS, 
PLASTERING,  he,.  Rudimentary  Treatise  on.  By  G.  R.  Burnkll,  C.E. 
Ninth  Edition,  with  Appendices,    is.  6d. 

57.   WARMING  AND   VENTILATION,  a.  Rudimentary  Treatise 
on ;  beinff  a  concise  Expositicm  of  the  General  Prindplas  of  the  Art  of  Warm  - 
•   in|f  and  ventilating  Domestic  and  Public  Buildines,  Mines,  Ligfathoascs, 
Ships,  &c.    By  Chaklbs  Tomlinson,  F.B.S.,  &c.    iTlustrated.    3s. 

83««.  CONSTRUCTION  OF  DOOR  LOCKS,  Compiled  from  the 
Papers  of  A.  C.  Hobbs,  Esq.,  of  New  York,  and  Edited  by  Chablbs  Tom- 
linson, F.R.S.  To  which  is  added,  a  Description  of  Fenby's  Patent  Locks, 
and  a  Note  upon  Ibon  Safes  by  Robert  Mallbt,  M.I.C.E.    IIIbs.    >s.  6d. 

III.  ARCHES.  PIERS.  BUTTRESSES.  6*^. :  Experimentol  Essays 

on  the  Principles  of  Construction  in ;  made  with  a  view  to  their  being  nse^l 
to  the  Practical  Builder.    By  Wiluam  Bland.    Illustrated,    is.  6d. 

116.  THE  ACOUSTICS    OF   PUBLIC   BUHJOINGS;    or.  The 

Principles  of  the  Science  of  Sound  applied  to  the  purposes  of  the  Architect  and 
Builder.    By  T.  Rogbr  Smith,  M.K.I. B.A.,  Architect.    Illustrated.    is.6d. 

124.  CONSTRUCTION  OF  ROOFS.  Treatise  on  the,  as  regards 
Carpentry  iu|d  Joinery.  Deduced  from  the  Works  of  Robibon,  Pbicb,  and 
Trbdoold. '*' Illustrated,    zs.  6d. 

127.  ARCHITECTURAL  MODELLING  IN  PAPER,  the  Art  of. 

By  T.  A.  R1CH41RDSON,  Architect.     With  Illustrations,  designed  by  the 
Author,  and  engnived  by  O.  Jbwitt.    is.  6d.  ^ 

128.  VITRUVIUS—THE     ARCHITECTURE     OF     MARCUS 

VITRUVIUS  POLLO,     In  Ten  Books.    Translated  from  the  Latin  by 
JosBPH  GwiLT,  F.S.A.,f  .R.A.S.    With  13  Plates.    5s. 

130.  GRECIAN  ARCHITECTURE.  An  Inquiry  into  the  Principles 
of  Beauty  in ;  with  an  Historical  View  of  the  Rise  and  Progress  of  the  Ait  in 
Greece.     By  the  Earl  op  Abbrdbbn.    is. 

\"  Tk€  fmoPreeedmg  Wvrka  in  OnehandMonu  V0I,.  kmlf  bound.  Mh'iUd  "Avawsr 

Architbcturk."    Pnct  6s» 

132.  DWELLING-HOUSES,  a  R««mentary  Treatise  on  the  Erection 
of.  Illustrated  by  a  Perspective  Vieii^  ^Khs,  Elevations,  and  Sectiuns  of  a  Pair 
of  Semi-detached  Villas,  with  the  SA»diScation,  Quantities,  Estimates,  ftc. 
By  S.  H.  Brooks,  Architect.    New  Edition,  with  plates.    2s.  6d. 

156.  QUANTITIES  AND'MEASUREMENTS.  How  to  Calcnlate  and 
Take  them  in  Bricklajivrs',  Masons',  PlastererB*^  Plumbers*,  Painters*  Paper- 
hangers*,  Gilders',  Smiths*,  Carpenten'^and  Joiners'  Work.  With  Rvles  for 
Abstracting  and  Hints  for  Preparing  a  Bill  of  Quantities,  &c.,  8tc.  By  A.  C. 
Beaton,  Architect  and  Surveyor.  New  and  Enlanred  Edition.   Illns.    is.  6d. 

175.  THE  BUILDER'S  AND  CONTRACTOR'S  PRICE  BOOK 
(IxxncwoOD  ft  Co.'s),  with  which  is  incorporated  "Atchlby's  Boilobr's 
Price  Book,"  and  the  "Illustrated  Pkicb  Book,"  published  annually, 
containing  the  present  Prices  of  all  kinds  of  Builders'  Materials  and  Labour, 
and  of  all  Trades  connected  with  Building ;  Memoranda  and  Tables  required 
in  making  Estimates  and  taking  out  Quantities,  &c.  With  5  Ptates,  con- 
taining Plans,  8tc.,  of  Villas,  and  Specification.    3s.  6d. 

182.  CARPENTRY  AND  JOINERY—Tnis,  Euh^Intary  Prin- 
ciPLKS  OP  Carpbntrt.  Chiefly  coamosed  from  the' 'Standard  Work  of 
Thomas  Trbdgold,  C.E.  With  Additions  from  the  ^iatk»  of  the  most 
Recent  Authorities,  and  a  TREATISE  ON  JOINERmby  E.  Wvndmam 
Tarn,  M.A.    Numerous  lUustratioas.    js.  6d.         f-if     1^ 

i82».  CARPENTRY  AND  JOINERY,     ATLAS  of  ^5  Plates  to 
accompany  the  foregoing  book.    With  Descriptive  Letteipress.    4to.    6b. 
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CIVIL   ENGINEERING,   ETC. 

13.  CIVIL  ENGINEERING,  the  Rudiments  of;  for  the  Use  of 
Begianenip  for  Practical  Engineers,  and  for  the  Army  and  Navy.  By  Hkkry 
Law,  C.B.  laclading  a  Section  on  Hydraulic  Engineering,  by  Gbohgb  K. 
BuRNBLL,  C.B.  sth  Edition*  with  Notes  and  Illustrations  by  AoraRT 
Mallst,  A.m.,  F.R.S.    Illnstrated  with  Plates  and  Oiacrams.    5s. 

29.  THE  DRAINAGE  OF  DISTRICTS  AND  LANDS.    By  G. 

DnvsuAU  Dbiipsxv,  C.E.    New  Editionp  revised  and  enlarged.  lUastrated. 
IS.  6d. 

3a  THE  DRAINAGE  OF  TOWNS  AND  BUILDINGS.      By 
G.  Dbvsdalk  Dbupsby,  C«B.    New  Edition.    Illnstrated.    ts.^. 
%*  Wah  '*  Drainage  0/ Districis  and  Lands,**  in  One  VoL,  ye.  6d. 

31,  WELL^IGGINGy  BORING,  AND  PUMP^WORK.  By 
John  Gbokob  Swivdbix,  Assoc.  R.I.B.A.  New  Edition,  revised  by  G.  R. 
BuRNBLL,  C.E.    Illustrated,    is. 

35-  THE  BLASTING  AND  QUARR  YING  OF  STONE,  Rudi- 
mentary Treatise  on;  for  Batlding  and  other  Purposes,  with  die  Con- 
stituents and  Analyses  of  Granite,  Slate,  Limestone,  and  Sandstone  :  to 
which  is  added  some  Remarks  on  the  Blowing  up  of  Bridges.  By  Gen.  Sir 
John  Bl^rooynb,  BarL,  K.C.B.    Illustrated,    is.  6d. 

43.  TUBULAR  AND  OTHER  IRON  GIRDER  BRIDGES. 
Patticulariv  describing  the  Britannia  and  Conwat  Tubulak  Budcrs. 
With  a  Saetch  of  Iron  Bridges,  and  Illustrations  of  the  Application  of 
Malleable  Imn  to  the  Art  of  Bridge  Building.  By  G.  D.  Dbmivky,  C.E., 
Auttior  of  **  The  Pncticai  Railway  Engineer,^*  Ice.,  ftc.  New  Edition,  with 
Illustrations,    is.  6d. 

46.  CONSTRUCTING  AND  REPAIRING  COMMON  ROADS, 

( Papers  on  the  Art  of.    Containing  a  Survey  of  the  Metrooolitan  Roads,  by 

S.  HucHKS,  C.E. ;  The  Art  of  Constructing  Common  Roads,  by  Hcnkt 

I  Law.  C.E. ;    Remarks  on  the  Maintenance  of  Macadamised  Roads,  by 

Field- Marshal  Sir  John  F.  Burooynb,  Bart.,  G.C.B.,  Royal  Engineers, 

Sfac,  ftc.    Illnstrated.    ts.  6d. 

62.  RAILWAY  CONSTRUCTION^  Elementary  and  Practical  In- 

struction   on    the  Science  of.      By  Sir   Macoonalo   Stkphrnsok,   C.K., 
Maaaring  Director  of  the  East  India  Railwav  Company.    New  Edition, 
revised  and  enlarged  by  Edward  Nuornt,  C.E.     Plates  and  numerous 
I  Woodcuts,    js. 

i  62«.  RAILWAYS;  their  Capital  and  Dmdends.    With  Sutistict  of 

I  their  Working  in  Great  Britain,  he.,  tic.    By  K.  D.  Chattawav.    is. 

I  %•  6s  and  6a*,  in  One  Vol^  ye,  6d. 

86«.  EMBANKING  LANDS  FROM  THE  SEA,  the  Practice  of. 

Treated  as  a  Means  of  Profitable  Employment  for  Capital.  With  Examples 
and  Particulars  of  actual  Embankments,  and  also  Pncticai  Remarks  on  the 
Repair  of  old  Sea  Walls.  By  John  Wiggins,  F.G.S.  New  Kditioa,  with 
Notes  by  Robbrt  Mallbt,  F.K.S.    ss. 

81.  WATER  WORKS,  for  the  Suppfy  of  Cities  and  Towns.    With 

a  Description  of  the  Principal  Geological  Formations  of  England  as  tn> 
fluencing  Supplies  of  Water ;  and  Details  of  Engines  and  Pumping  Machinery 
for  raising  Water.  By  Samubl  Huohbs,  F.G.S.,  CJS,.  New  EditicL, 
revised  and  enlarged,  with  numerous  Illustrations.    4s. 

$2**.  GAS  WORKS,  and  the  Practice  of  Manufacturing  and  Distributinf; 
Coal  Gas.  Bv  Samubl  Hughbs,  C.E.  New  Edition,  revised  by  W. 
Richards,  C.E.    Illnstrated.    js. 

117.  SUBTERRANEOUS  SURVEYING;  an Elementaiy  and  Prac- 
tical Treatise  on.  By  Thomas  Frnwicil.  Also  the  Method  of  Conducting 
Subterraneous  Surveys  without  the  Use  of  the  Magnetic  Needle,  and  other 
modem  Improvements.    By  Thomas  Bakbr,  C.E.    Illustrated,    ss.  6d. 

118.  CIVIL  ENGINEERING  IN  NORTH  AMERICA,  a  Sketch 
of.    By  David  Stbvknson,  F.R.S.E.,  ftc.    Plates  and  Diagrams.    3s. 
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(!livll  Engineering,  etc.^  continued, 

120.  HYDRAULIC  ENGINEERING,  the  Rudiments  of.     By  G. 

R.  BuRNBLL,  C.E.,  F.G.S.    Illastrated.    3». 

121.  RIVERS  AND  TORRENTS.    With  the  Method  of  Regulaling 

their  Coanes  and  Chanods.  Bv  Pirofcasor  Paul  Frisi,  F.R^,  of  Milan. 
To  which  it  added.  AN  ESSAY  ON  NAVIGABLE  CANALS.  Translated 
by  Major-General  Johm  Garsthc,  oi  the  Beng^  Engineen.  Plates,  as.  6d. 


MECHANICAL  ENGINEERING,   ETa 

53.  CRANES,  the  Construction  of,  and  otber  Iklachinery  for  Raising 

Heavy  Bodies  for  the-  Erection  of  Bciildiags,  and  for  Hoisting^  Goods.    By 
JosBPH  Gi-YSN,  F.R.S.,  &c.    Illustrated,    is.  6d« 

54.  THE  STEAM  ENGINE,  a  RudimcntaFy  Treatise  o».    By  Dr. 

Labdiver.    Illustrated     xs. 

59.  STEAM  BOILERS:  Their  Construction  and  Managefnent    By 
R.  Armstrong,  C.E.    Illustrated,    xs.  6d. 

63.  AGRICULTURAL  ENGINEERING:  Farm  Buildings,  Motive 
Power,  Field  Machines,  Machinery,  and  laplenxents.  By  G.  H.  Audrbws^ 
C.E.    Illustrated.    3s. 

67.  CLOCKS,  WATCHES,  AND  BELLS,  a  Rudimentary  Treatise 
00.  By  Sir  EdhundBmckbtt  Oate  Edmund  Bbckvtt  Denisom,  IXJ).,  Q>C.) 

%•  A  New,  Revised,  and  considerably  Enlarged  EdtHon  of  the  abtrve  Standard 
Treaiise,  with  very  nnmemts  /l/nstrottmn,  is  nmu  reaJy,  Pn'ee  4s.  61^. 

77*.  THE  ECONOMY  OF  FUEL,  particularly  with  Reference  ta 
Rcverbatory  Furnaces  for  the  Manufacture  of  Irun»  and  to  Steaas  Boilers. 
By  T.  Symes  Pkideaux.    xs.  6d.    .. 

ga.  THE  POWER  OF  WATER,  as  apphed  to  drive  Flonr  Mills» 
and  to  gire  motion  to  Tnrbtnrs  and  other  Hydrostatic  Engines.  By  JosErn 
Glyxx,  F.R.S.,  &c.    New  Edition,  Illustrated,    as. 

98.  PRACTICAL  MECHANISM,  the  Elements  of;  and  Machine 
Tools.  Hy  T.  Raker,  C.£.  With  Remarks  on  Tools  and  Machinery,  by 
J.  Nasmyth,  C.E.    Plates,    ss.  6d. 

114.  MACHINERY,  Elementary  Principles  of,  in  its  Constniction  and 

Working.  Illustrateil  by  nnmcroos  Examples  of  Mod«m  Machinery  for 
different  Kranchcs  of  ^Innafacturc.    By  CD.  Abel,  C.E.    xs. 6d. 

115.  ATLAS    OF  PLATES.     Uluslrating  the  above  Treatise.     By 

C.  D.  Abei.,  C.E.    7s.  6d. 

125.  THE  COMBUSTION  OF  COAL  AND  THE  PREVENTION 
OF  SMOKE,  Chemically  and  Practically  Considered.  With  an  Appendix. 
By  C.  Wye  Williams,  A.LC.E.    Plates/  3s. 

n9.  THE  STEAM  ENGINE,  a  Treatise  on  the  Mathemntical  Theory 
of,  with  Rales  at  length,  and  Examples  for  the  Use  of  Practical  Men.  By 
T.  Baker,  C.E.    Illastratcd.    is. 

162.  THE   BRASS   FOUNDER'S    MANUAL;    Instructions    for 

Modelling,  Pattern-Making,  Moulding,  Turning.  Filing,  Burnishing^ 
Bronzing.  &c.  With  copious  Receipts,  numerous  Tables,  and  Notes  on  Pkimo 
Costs  and  Estimates.    By  Walter  Graham.    Illustrated,    as.  6d. 

164.  MODERN  WORKSHOP  PRACTICE,  as  appKcd  to  Marine, 

Land,  and  Locomotive  Engines,  Floating  Docks,  Dredging  Machines, 
Bridges,  Cranes,  Ship-building,  ftc.,  &c.    By  J.  G.  Winton.   Illostrated.  3s. 

165.  IRON  AND  HEAT,  exhibiting  the  Principles  concerned  in  the 

Construction  of  Iron  Beams,  Pillars,  and  Bridge  Girders,  and  the  Action  of 
Heat  in  the  Smelting  Furnace.  By  J.  Armour,  C.E.  Numerous  WoodcQts. 
ss.  6d. 
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Mechanical  Engineering,  etc.,  ^oM/wtMi. 

i66.  POWER  IM  MOTlOy:  Horse-Power,  Motioii,  Toothed-Whed 
Gearing,  IxmZ  an<l  Short  Driving  Baads,  Angular  Foroea.  By  Jamis 
Armour,  C.E.    With  73  Diagrams,    ss.  6d. 

167.  THE  APPLICA  TION  OF  IRON  TO  THE  CONSTRUCTION 
OF  BRIDGES.  GIRDERS,  ROOFS,  AND  OTHER  WORKS.  Showing 
the  Priacqples  Kpcn  which  such  StracUires  are  desisne<^  and  their  Prarctical 
Application.    By  Francus  Campin,  C.K.    Numerous  Woodcuts,    as. 

»7I.  THE  WORKMAN'S  MANUAL  OF  ENGINEERING 
DRAM'ING.  By  Jomn  Maxton,  En^eer,  Instructor  ia  Enfpneering 
Drawine,  Royal  School  of  Naval  Architecture  and  Marine  Eagineerinff, 
South  Kensington.  lUastrated  with  7  Plates  and  nearly  150  Woodcuts.  jsj6<L 

SHIPBUILDING,   NAVIGATION,   MARINE 

ENGINEERING,   ETC. 

51,  NAVAL  ARCHITECTURE,  the  Rudiments  of ;  or,  an  Expoa- 
tioa  of  the  Elementaiy  Principles  of  the  Science,  and  their  Practical  Appli- 
cation to  Naval  Construction.  Compiled  for  the  Use  of  Beginners.  By 
Jamrs  Pbakb,  School  of  Naval  Architecture,  H.M.  Dockyard,  Portsmouth. 
T^ird  Edition,  corrected,  with  Plates  and  Diagrams.    3s.  6d. 

53«.  SHIPS  FOR  OCEAN  AND  RIVER  SERVICE,  ElemcDtary 
and  Practical  Principles  of  the  Construction  of.  By  Haron  A.  SomiBR* 
PBLOT,  Surveyor  of  the  Royal  Norwegian  Navy.    With  an  Appendix,    xs. 

53»« .  AN  A  TLAS  OF  ENGRA  VINGS  to  Illuslrate  the  above.  Twelve 
large  folding  plates.    Rojral  4to,  doth.    7a.  6d. 

54.  MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS, 

Rudiaeatanr  Treitise  on.  Also  Tables  of  Spars,  Ringing,  Blocks ;  Chain, 
Wire,  and  Hemp  R<>9«s>  ^c,  relative  to  every  class  of  vessels.  Together 
wick  aa  Appendix  of  Dimensions  of  Maato  and  Yards  of  the  Royal  Navy  of 
Great  BriUinand  Ireland.  By  d^OB^Kt  KsrnNG,  N.A.  Thirteenth  Edition, 
niustraitei.    is.<6d. 

54*.  IRON  SHIP-BUILDING.  With  Practical  Examples  and  Details 
far  the  Use  of  Ship  Owners  and  Ship  Builders.  By  John  Granthaji,  Con- 
sulting Eiigineer  and  Naval  ArchitecL  Fifth  Edition,  with  important  Addi- 
tiona.    4a. 

54*».  AN  ATLAS  OP  FORTY  PLATES  to  IHustrate  the  above. 

Fifth  Edition.  Including  the  latest  Exanwles,  such  as  H.M.  Steam  Frigates 
"Warrioi;"  "  HerculeaT*  **  BcUeraphon ;  "  H.M.  Troop  Sh^  "Serju>U," 
Iron  Floating  Dodc,  Sec,  Ice.    410,  boards.    3lla. 

55.  THE  SAILOR^S  SEA  BOOK:   A  Rudimentaiy  Treatise  on 

Navigation.  L  How  to  Keep  the  Log  and  Work  it  oft  J  I.  On  Finding  t}« 
Uatilude  and  X.on?itadc  By  Iamzs  Grrxnwooa,  B.A.,  of  Jesw  College, 
Cambridge.  To  which  are  added.  Directions  for  Great  Circle  SaUing ;  an 
Essay  on  the  Law  of  Storms  and  Variable  Winds ;  and  Isxplanationa  of 
T«ms  used  ia  Ship-bu3ding.  Ninth  Edition,  with  several  Engravings  and 
Coloured  Illustrations  of  the  Flags  of  Maritime  Nations,    aa. 

So.  MARINE  ENGINES,  AND  STEAM  VESSELS,  a  Treatise 

on.  Together  with  Practical  Remarks  on  the  Screw  and  Propelling  Power, 
as  used  ia  the  Rayal  .ind  Merchant  Navy.  }iy  Robsrt  Murray,  C.E.. 
Engineer-Surveyor  to  the  Board  of  Tr.«do.  With  a  Glossary  of  Technical 
Terms,  and  their  Equivalents  in  Frencl^  Gennaa,  and  Spanish.  Fifth  Edition, 
leftsed  and  enlargcni.    Illnstrsted.    3s. 

Zyfnu  THE  FORMS  OF  SHIPS  AND  BOATS rKin^  Eiperiment- 

ally  Derived,  on  some  of  the  Principles  regulating  Ship-building.  By  W. 
Bland.  Sixth  Edition,  revised,  with  nnmeroms  Illustrationa  aad  Modela.  is.  6d. 

^.  NAVIGATION  AND  NAUTICAL  ASTRONOMY,  in  Theory 
and  Practice.  With  Attempts  to  facilitate  the  Finding  of  the  Time  and  the 
Longitude  at  Sea.  By  J.  K.  Yotmo,  formerly  Profesaor  of  Mathematica  in 
Belfast  College.    lUaatraied.    aa.4d. 
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WXALE's  RUDnfBNTAltY  SCRIES; 


Shipbuildlngp  Navigation*  etc,  centmued, 

too**  TABLES  intended  to  £Kilitate  the  OperstioM  of  NaTi^atioii  aDd 
Nautical  AMtmaatay,  a»  a»  AccmBpaniaMnt  to  tke  above  Book*  By  J.  R. 
YouNO.    xs.  6d. 

io6.  SJI/PS*  ANCHORS^  a  Treatise  on.     By  Geokgb  Cotskll, 

N.A.    lUnstratml.    xi.  6cL 

14^  SAILS  AND  SAIL-MAKING,  an  Elementary  Treatise  on. 
With  Drauffhtiiig,  and  the  Ceatre  of  Effort  of  tbe  Sails.  Also,  Weights 
and  Sises  of  Ropes  ;  Masting,  Rigging,  and  Sails  of  Steam  Vessels,  ftc.,  Ac. 
Ninth  Editioo,  onlarged,  with  an  Anpendiz.  By  RoBkRT  KxmitG,  K.A^ 
Sailmaker,  Quayside,  Newcastle.    Ilmstrated.    is.  6d. 

155.  THE  ENGINEER'S    GUIDE    TO    THE    ROYAL    AND 

MERCANTILE  NAVIES.    By  a  Pkactical  EnciNKKa.    Rerised  by  1>. 
F.  MTabtky,  late  of  the  Ordnaaco  Sanrey  Office,  Soatluuaptoa.    js. 


PHYSICAL    SCIENCE,    NATURAL    PHILO- 
SOPHY,  ETC. 

I.  CHEMISTR  K,  for  the  Use  of  Beginners.    By  Professor  Gkorgk 

FowNBS,  FJI.S.  Witii  aa  Appendix,  on  tke  Appucation  of  Chemistiy  t» 
Agricnltvre.    xs. 

1.  NATURAL  PHILOSOPHY,  Introduction  to  the  Stndy  of;  for 
the  \2wt  of  Bogianen.  By  C.  Tomliiisdn,  Lectnrer  on  Nataral  Science  ia 
King's  College  School,  London.    Woodcnt*.    xs.  6d. 

4.  MINERALOGY,  Rudiments  of;  a  concise  View  of  the  Fropcrtien 

of  Minerals.    By  A.  Raxisby,  Jan.    Woodcnts  aad  Steel  Plates,    js. 

6.  MECHANICS,  Rudimentary  Treatise  on;  Being  a  concise  Ex* 

position  of  the  General  PHnciples  of  Mechaaical  Scieaccy  and  their  Applica- 
tions. Bt  Chablss  Tomunson,  Lectarer  oa  Kataral  Science  ia  iLiag's 
College  School,  London,    lltnstrated.    is.  6d. 

7.  ELECTRICITY;  showing  the  General  Principles  of  Electrical 

Science,  aad  the.  paiposes  to  which  it  has  beea  appliea.  By  ^  W.  Smow^ 
Haaris,  F.R.S.,  &c.  With  considetable  Additioas  by  R.  Sabbcb,  C£.» 
F.S.A..  Woodcnts.  xs.6d. 
7*.  GALVANISM,  Rudimentary  Treatise  on,  and  the  General  Prin- 
cinles  of  Animal  and  Vohaic  Electricity.  By  Sir  W*  Snow  Hawkis.  Kew 
Edition,  rerised,  with  considerable  Additions,  by  RoaanT  Sabink,  CE., 
P.S.A.    Woodcnts.    xs.  6d. 

5.  MAGNETISM;  being  a  concise  Expositioo  of  the  General  Prin- 

ciples  of  MajKnetical  Science,  and  the  Pnrposes  to  which  it  has  bera  applied. 
By  Sir  W.  Snow  Habris.  Mew  Edition,  revised  and  enlarged  by  li .  M. 
NoAX>,  Ph.D.,  Vice-President  of  the  Chemical  Society,  Aathor  of  **A 
Manual  of  Electricity,"  ftc,  ftc.    With  165  Wooocnts.    3s.  6d. 

1 1.  THE  ELECTRIC  TELEGRAPH;  its  Hi^tory  and  Progress; 

with  Deacriptionsof  aoawof  the Apparatas.  By  R.  Sabinr,  CJI.,  F.SwA.,  ftc. 
Woodcnts.    3s 

12.  PNEUMATICS,   for    the    Use    of   Begknen.     By   Cbarucs 

ToMUNSON.    lUnstrated.    xs.  6d. 

71.  MANUAL  OF  THE  MOLLUSCA ;  a  Treatise  on  Recent  and 
Fossil  Shells.  By  Dr.  S.  P.  Woodward,  AX.S.  With  Awendia  by 
Ralph  Tatb,  A.L.S.,  F.G.S.  With  aaaeroas  Plates  and  joo  Woodcats, 
6s.  6d.    Cloth  boards,  78.  6d. 

79* ♦.  PHOTOGRAPHY,  Popular  Treatise  on;  with  a  Bescnption  of 
the  Stereoscope,  ftc.  Translated  from  the  Freacli  of  I>.  Van  Moncicho'VXN, 
by  W.  H.  THORNTHWAtTX,  Ph  J>.    Woodcnts.    xs.  6d. 

96.  ASTRONOMY.     B7  the  Rev,  R.  Main,  M.A.,  F.R.S.,  &c. 

New  and  enlarged  Editaon,  with  aa  Appeadlz  oa  **  Spectnm  Aaalysis." 
Woodcuts.    IS.  6d. 

LONDON  :   LOCKWOOD  AND  Ca> 


weale's  rxjdimentary  series. 


Physical  Science,  Natural  Philosophy,  etc.,  continued. 

97.  STATICS  AND  DYNAMICS,  the  Priociples  and  Practice  of; 
eipbracins-  also  a  clear  development  of  Hydrostatics,  Hydrodynamics,  and 
Central  Forces.    By  T.  Baker,  C.E.    xs.  6d. 

138.  TELEGRAPH,  Handbook  of  the;  a  Manual  of  Telegraphy, 
Telegraph  Clerks'  Remembrancer,  and  Guide  to  Candidates  for  Employ- 
ment in  the  Telegraph  Service.  By  R.  Bokd.  Fourth  Edition,  revised  and 
enlarged :  to  which  is  ajvpended,  QUESTIONS  on  MAGNETISM,  ELEC- 
TRICITY, and  PRACTICAL  -raLEGRAPHY,  for  the  Use  of  Students, 
bv  W.  McGregor,  First  Assistant  Superintendent,  Indian  Gov.  Telegraphs. 
Woodcuts.    3s. 

143-  EXPERIMENTAL    ESSAYS.      By    Charles    Tomlinson. 

I.  On  the  Motions  of  Camphor  on  Water.    II.  On  the  Motion  of  Camphor 
towards  the  Light.  III.  History  of  the  Modem  Theory  of  Dew.  Woodcuts,  is. 

173.  PHYSICAL  GEOLOGY,  partly  bas«ed  on  Major-General  Port- 

lock's  "  Rudiments  of  Geology."    By  Ralph  Tate,  A.L.S.,  8lc.    Numerous 
Woodcuts.    2S. 

174.  HISTORICAL    GEOLOGY,    partly    based    on    Major-General 

PoRTU>CK*s  *'  Rudiments."   By  Ralph  Tate,  A.L.S.,  See.  Woodcuts,  ss.  6d. 

173  RUDIMENTARY  TREATISE  ON  GEOLOGY,  Physical  and 
(^        Historical.    Partly  based  on  Major-General  Portux;k*8  "  Rudiments  of 

I « .       Geology."    By  Ralph  Tats,  A.L.S.,  F.G.S.,  &c.,  fcc.    Numerous  Illustra- 

'/4*     tions.    In  One  Volume.    4s.  6d. 

183.  ANIMAL  PHYSICS,  Handbook  of.  By  Dionysius  Lardner, 
^  D.C.L.,  formerly  Piofiessor  of  Natural  Philosophy  and  Astronomy  in  Uni- 
^         versitv  College,  London.    With  530  Illnstratioos.     In  One  Volume,  cloth 

184.  boards.    7s.  od. 

%*  Sold  alto  in  Two  Boris,  as  follows  : — 

b8j.     Animal  Physics.    By  Dr.  Lardner.    Part  I.,  Chapter  I— VIL    4s. 

184.     Animal  Physics.    By  Dr.  Laronbr.    Part  II.  Chapter  V1II— XVIII.    3s. 


MINING,    METALLURGY,    ETC. 

117.  SUBTERRANEOUS  SURVEYING,  Elcmcntaiy  and  Practical 
Treatise  oik  with  and  wi^out  the  Magnetic  Needle.  By  Thomas  Fbnwick, 
Surveyor  of  Mines,  and  Thomas  Baker,  C.S.    Illustrated,    ss.  6d. 

133.  METALLURGY  OF  COPPER  ;  an  Introduction  to  the  Methods 

of  Seeking,  Mining,  and  Assaying  Copper,  and  Mannfitcturiog  its  AII03-S. 
By  Robert  H.  Lamborn,  Ph.D.    Woodcuts,    as. 

134.  METALLURGY  OF  SILVER  AND  LEAD.     A  Description 

of  the  Ores ;  their  Assay  and  Treatment,  and  valuable  Constituents.    By  Dr. 
R.  H.  Lamborn.    Woodcuts,    ss. 

135.  ELECTRO-METALLURGY;  Practically  Treated.     By  Alex- 

andbr  Watt,  F.R.S.S.A.    New  Edition.    WoodcaU.    as. 

17a.  MINING  TOOLS,  Manual  of.  For  the  Use  of  Mine  Managers, 
Agents,  Students^  ftc.  Comprising  Observations  on  the  Materials  'fttnn,  and 
Processes  b^  which,  they  are  mannfEctured ;  their  Special  Uses,  Applica- 
tions, Qualities,  and  Efficiency.  By  William  Morgans,  Lecturer  on  Mining 
at  the  Bristol  School  of  Mines,    ss.  6d. 

I72*.  MINING  TOOLS,  ATLAS  of  Engravings  to  Illiistrate  the 
above,  containing  835  Illustrations  of  Mining  Tools,  drawn  to  Scale.  4to. 
\%.  6d. 

176.  METALLURGY  OF  IRON,  a  Treatise  on  the.  Containhig 
Outlines  of  the  History  of  Iron  Manufacture,  Methods  of  Assay,  and  Analyses 
of  Iron  Ores.  Processes  of  Manufacture  of  Iron  and  Steel,  Ike.  By  H. 
Bavbrman,  F.G.S..  Associate  of  the  Royal  School  of  Mines.  Fourth 
Edition,  revised  and  enlarged,  with  numerous  Illustrations.    4s.  6d. 
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Mining,  Metallurgy,  etc.,  cotUmtted, 

]8o.  COAL  AND  COAL  MINING:  A  Rndimentarv  Treatise  on. 
By  Warington  W.  Smyth.  M.A..  F.R.S^  &c..  Chief  Inspector  of  th« 
Mines  of  the  Crown  and  of  tne  Docnj  of  Corikwalf.  Secoad  Eoitioo,  revised 
and  corrected.    With  samerooi  lUastrations.    3s.  6d. 


EMIGRATION. 


154.  GENERAL  HINTS  TO  EMIGRANTS,  Containing:  Notices 
of  the  various  Fields  for  Emigration.  With  Hints  on  Prepar.-icion  for 
Emigrating,  Outfits,  &c.,  &c.  With  Directions  aad  Recipes  loefvl  to  the 
Emigrant.    Widi  a  Map  of  the  World,    ss. 

157.  THE  EMIGRANTS  GUIDE  TO  NATAL.  By  Robert 
Jambs  Mann,  F.R.A.S.,  F.M.S.  Second  Edition,  carefally  corrected  to 
the  present  Date.    Map.    ss. 

159.  THE  EMIGRANT'S  GUIDE  TO  AUSTRALIA,  New  South 

IValet,  U^esterm  Atuiralia,  South  Attsfralt'a,  yictoria,  and  Qiteensiatui,   By 
the  Rev.  Jambs  Bairp,  B.A.    Map.    as.  6d. 

i6o.  THE  EMIGRANT*S  GUIDE  TO  TASMANIA  and  NEW 
ZEALAND,    By  the  Rev.  Jambs  Baird,  B.A.    With  a  Map.    as. 

\y^9ATHE  EMIGRANTS  GUIDE  TO  AUSTRALASIA,    By  the 

160.  Rev.  J.  Bairo,,  B^.  Comprising  the  above  two  vohunes,  umo^ cloth  boards. 
With  Maps  of  Australia  and  New  Zealand.    5s. 


AGRICULTURE. 

29.  THE  DRAINAGE   OF  DISTRICTS   AND  LANDS,      By 

G.  Drvsdals  Dmmpsrv,  C^.    Illustrated,    is.  6d. 
*•«   WifA  **  Drainmg*  of  Town*  and  Buildtngt;*  in  One  Vol.,  jj; 
63.  AGRICULTURAL  ENGINEERING:  Farm  Buildings,  MoUve 

Powers  and  Machinery  of  the  Strading,  Field  Machines,,  aad  Implements. 

ByG.H.  Andrews,  C.K.    lllusfcrated.    3s. 

66.  CLAY   LANDS    AND    LOAMY    SOILS,       By    Professor 

Donaldson,  is. 
131.  MILLER'S,  MERCHANTS,  AND  FARMER'S  READY 
RECKONER,  for  ascertaining  at  sight  th<*  value  of  any  quantity  of  Com, 
from  One  Bttsfael  to  One  Hundred  Quarters,  at  any  (riven  price,  from  £\  to 
£$>.  V^  Quarter.  Togcthf  r  with  the  approzimate  vauues  of  Millstones  and 
Millwork,  &c.    xs. 

140.  SOILS,   MANURES,  AND  CROPS  (Vol.   i.  Outlines   of 

MoDRRN  Farming.)    By  R.  Scott  Burn.    Woodcuts,    as. 

141.  FARMING  AND  FARMING  ECONOMY,  Notes,  Historical 

and  Practical  on.    fVol.  a.  Outlinbs  or  Modera  Farmino.>    By  R.  Scorr 
Burn.    Woodcuts.    3s. 

142.  STOCK;    CATTLE,    SHEEP,    AND    HORSES.      (VoL    3. 

Outunbs  of  Modrrm  Farming.)    By  R.  Scott  Burn.  Woodcuts,    as.  6a. 

145.  DAIRY,  PIGS,  AND  POULTRY,   Management  of  the.     By 

R.  Scott  Bvrs.    With  Notes  on  the  Diseases  of  Stock.    (Vol.  4.  Outunrs 
OF  Modern  Farming.)    Woodcuts,    as* 

146.  UTILIZATION     OF     SEJVAGE,     IRRIGATION,      AND 

RECLAMATION  OF  WASTE  LAND.    (Vol.  <.  Outunbs  of  Modern 
Farming.)    By  R.  Scorr  Burn«    Woodcuts,    as.  od. 

%*  Nos.  x4o-z-a-5-6,  in  One  Vol.,  handsomely  half-bound,  entitled  "Oittunbs  of 
Modern  Farming.''    By  Robert  Scott  Burn.    Price  las. 

17,.  FRUIT  TREES;  Tlie  Sdeutific  and  Profitable  Culture  of.  From 
the  French  of  tiv  Brbuil,  Revised  by  Geo.  Glemny.  \%^  Woodcnts.  js.  6d. 
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FINE    ARTS. 

20.  PERSPECTIVE  FOR  BEGINNERS,  Adapted  to  Young 
Students  and  Amatevn  in  Architecture,  Painting,  &c.  By  Gbokcb  Pynb, 
Artist.    Woodcnts.    ss. 

^^,  A  GRAMMAR  OF  COLOURING,  appficable  to  House  Paint- 
ing. Decorative  Architecture,  and  the  Arts,  for  the  Use  of  Practical  Painters 
and  Decorators.  Bt  Gborgb  Fibld,  Author  of  "  Chromatics ;  or.  The  Ana- 
logy,  Haraony,  ana  Philosophy  of  Colours,"  &c.  Coloured  Illustrations. 
2s.  6d. 

40.  GLASS  STAINING;  or.  Painting  on  Glass,  The  Art  of.    Com- 

prising Directions  for  Preparing  the  Pigments  and  Fluxes,  laying  them  upon 
the  Glass,  and  Firing  or  Burning  in  the  Colours.  From  the  German  of  I)r. 
GsssBRT.    To  which  is  added,  an  Appendix  on  Thb  Art  or  Enamelunc, 

41.  PAINTING  ON  GLASS,  The  Art  of.     From  the  German  of 

Emanubl  Otto  Frombbrg.    is. 

69.  MUSIC,  A  Rudimentary  and  Practical  Treatise  on.  With 
numerous  Kxamples.    By  Cmarlbs  Child  Spb  cbr.    ss. 

71.  PIANOFORTE,  The  Art  of  Playing  the.  With  numerous  Exer- 
cises and  Lessons.  Written  and  Selected  from  the  Best  Masters,  by  Charlbs 

181.  PAINTING  POPULARLY  EXPLAINED,  including  Fresco, 
Oil,  Mosaic,  Water  Colour,  Water-Glass,  Tempera,  Encaustic.  Miniature, 
Painting  on  Ivory,  Vellum,  Pottery,  Enamd,  Glass,  &c.  With  Historical 
Sketches  of  the  Progress  of  the  Art  by  Thomas  John  Guluck,  assisted  by 
John  Timbs,  F.S.A.  Third  Edition,  revised  and  enlarged,  with  Frontispiece 
and  Vignette.    5s. 


ARITHMETIC,    GEOMETRY,    MATHEMATICS, 

ETC. 

32.  MATHEMATICAL  INSTRUMENTS,  a  Treatise  on;  in  which 

their  Construction,  and  the  Methods  of  Testing.  Adjusting,  and  Usine  them 

are  confisely  Explained.    B^  J.  F.  Hbathbr,  M.A..  of  the  Royal  Military 

Academv,  Woolwich.    Original  Edition,  in  i  vol..  Illustrated,     zs.  6d. 

%•  In  orderiHg  ike  abcve^  be  careful  to  *ay,  *^  Original  Edition**  or  give  the  number 

in    the  Series  (js)  to  distinguish  it  from  the  Enlarged  Edition  in  3  volt, 

{Nos,  168-0-70), 

6q.  LAND  AND  ENGINEERING  SURVEYING,  a  Treatise  on; 

with  all  the  Modem  Improvements.    Arranged  for  the  Use  of  Schools  and 

Private  Students;   also  for  Practical  Land  Surveyors  and  Engineers.    By 

;T.  4iAKBR.  C.E.  New  Edition,  revised  by  Edward  Nuob.vt,  C.E.  Illustrated 

with  Plates  and  Diagrams,    ss. 

6l».  READY  RECKONER    FOR    THE   ADMEASUREMENT 

,OF  LAND.    By  Abraham  Arman,  Schoolmaster,  Thurleigh,   Beds.     To 

.which  is  added  a  Table,  showing  the  Price  of  Work,  from  as.  6d.  to  ;£i  per 

acre,  and  Tables  for  the  Valuation  of  Land,  from  xs.  to  £itO0o  per  acre,  and 

from  one  pole  to  two  thousand  acres  in  eatent,  &c.,  fcc.    is.  6d. 

^b,  DESCRIPTIVE    GEOMETRY,    an    ElemenUry  Treatise    on; 

with  a  Theory  of  Shadows  and  of  Perspective,  extracted  from  the  French  of 

G.  MoMCB.     10  which  is  added,  a  description  of  the  Principles  and  Practice 

of  Isometrical  Projection ;  tlie  whole  being  intended  as  an  introduction  to  tho 

Application  of  Descriptive  Geometry  to  various  branches  of  the  Arts.    By 

J.  P.  Hbatrcr,  M.A.    Illustrated  with  ti  Plates,    as. 

ItZ,  PRACTICAL  PLANE  GEOMETRY:  giving  the  Simplest 
Modes  of  Constructing  Figures  contained  in  one  Plane  and  Geometrical  Con- 
struction  of  the  Ground.  By  J.  F.  Hbathbr,  MA.  With  3x5  Woodcuts,  as. 

179,  PROJECTION :   Orthographic,  Topographic,  and  Perspective: 

giving  the  various  Modes  of  Delineating  Solid  Forms  by  Constnictinns  on  a 
ingle  Plane  Sar^ce.    By  J.  F.  Hbathbr,  M.A.  [/m  pre^mtiim, 

%*  The  mhvve  thrm  veisnme*  will  form  a  Complbtb  Elbmbntart  Covrsb  ob 

Mathbmatical  Drawimo. 
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Arithmetic,  Geometry,  Mathematics,  etc.,  continued, 

83.  COMMERCIAL  BOOK-KEEPING,  With  Commercial  PhraMs 

ajid  Forms  in  English,  French,  Italian,  and  Gennan.  By  Jambs  HAZtDOit, 
M.A.,  Arithmetical  Master  of  King's  College  School,  London,    is. 

84.  ARITHMETIC^  a  Radimentary  Treatise  on :  with  full  Explana- 

tions of  its  llieoretical  Principles,  and  nnmerous  Ezampteefer  Practice.  For 
the  Use  of  Schools  and  for  Self-Instruction.  Kt  J.  R.  Young,  late  Professor 
of  Mathematics  in  Belfast  College.    New  Edition,  with  Index,    is.  6d. 

84*  A  Key  to  the  abore,  containing  Solutions  in  full  to  the  Exercises,  together 
with  Comments.  Explanations,  and  Improved  Processes,  for  the  Use  of 
Teachers  and  Unassisted  Learners.    By  J.  R.  Young,    xs.  6d. 

85.  EQUA  TIONAL  ARITHMETIC,  applied  to  Questions  of  Interest, 
8^*.   Annuities,  Life  Assurance,  and  General  Commerce  ;  with  various  Tables  by 

which  all  Calculations  may  be  grejUly  facilitated.  By  W.  Hipsley.  In  Two 
Parts,  IS.  each  ;  or  in  One  Vol.    as. 

86.  ALGEBRA,    the   Elements   of.      By  James  Haddon,  M.A., 

Second  Mathematical  Master  of  King's  College  School.  With  Appendix, 
containing  miscellaneous  Investigations,  and  a  Collection  of  Problems  in 
various  parts  of  Algebra,    as. 

86*  A  Key  and  Companion  to  the  above  Book,  forming  an  extensive  repositoiy  of 
Solved  Examples  and  Problems  in  Illustration  of  the  various  Expedients 
necessary  in  Algebraical  Operations.  Especially  adapted  for  Self-Inslrac- 
tion.    By  J.  R.  Young,    xs.  6d. 

88.  EUCLID,  The  Elements  of  :  with  many  additional  Prom>sitions 

89.  and  Explanatory  Notes :  to  which  is  prefixed,  an  Introductory  £ssay  on 
Logic.    By  Henby  Law,  C.E.    as.  6d. 

•«•  Sold'aiso  separaMy^  viz.  .— 

88.  Fucun,  The  First  Three  Books.    By  Henry  I^w,  C.E.    is. 

89.  Euclid,  Books  4,  5,  6.  ix,  12.    By  Henry  Law,  C.E.    xs.  6d. 

90.  ANALYTICAL  GEOMETRY  AND  CONICAL  SECTIONS, 

a  Rudimentary  Treatise  on.  By  Jamrs  Hakn,  late  Mathematical  Master  of 
King's  College  School,  London.  A  New  Edition,  re-written  and  enlarged 
by  J.  R.  Young,  formerly  Professor  of  Mathematics  at  Belfast  Collie,     as. 

91.  PLANE    TRIGONOMETRY,  the    Elements    of.     By  Jambs 

Hann,  fonnerly  Mathematical  Master  of  King's  College,  London,    xs. 

92.  SPHERICAL  TRIGONOMETRY,  the  Elements  of.    By  James 

Hann.    Revised  by  Charles  H.  Do^vtuno,  C.E.    is. 
•»•  Or  with  "  The  RUmenU  of  Plant  Trigonomriry'*  in  One  Volume,  w. 

93.  MENSURATION  AND  MEASURING,  for  Studente  and  Prac- 

tical  Use.  With  the  Mensuration  and  Levelling  of  Land  for  the  Purposes  of 
Modern  Engineering.  Ky  T.  Baker,  C  J£.  New  Edition,  with  Correctioiu 
and  Additions  by  £.  Nugent,  C.E.    Illustrated,    xs.  6d. 

94.  LOGARITHMS,  a  Treatise  on;  with  Mathematical  Tables  for 

facilitating  Astronomical,  Nautical,  Trigonometrical,  and  Logarithmic  Calcu- 
lations; Tables  of  Natural  Sines  and  Tangents  and  Natural  Cosines.  By 
Henry  Law,  C.E.    Illustrated.    2s.  6d. 

loi».  MEASURES,  WEIGHTS,  AND  MONEYS  OF  ALL  NA- 
TIONS, and  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan 
Calendars.    By  W.  S.  B.  Woolhouse,  F.R.A.S.,  he.    is.  6d. 

102.  INTEGRAL   CALCULUS,  RudimenUry  Treatise  on  the.     By 

HoKBRSHAM  Cox,  B.A.    Illustrated,    xs. 

103.  INTEGRAL  CALCULUS,  Examples  on  the.    By  JAMSS  Hann, 

lateof  King's  College,  London.    Illustrated,    is. 

101.  DIFFERENTIAL  CALCULUS,  Examples  of  the.  By  W.  S.  B. 
WooLHOUSH,  F.R.A.S.,  &c«    is.  6d. 

104.  DIFFERENTIAL  CALCULUS^  F.iamplfw  and  Solntions  of  the. 

By  Jambs  Haodon,  M.A.    xs.  6d. 

r    ■ ■ 
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Arithmetic,  Geometry,  Mathematics,  eto,^  continmed, 

105.  MNEMONICAL  ZESSONS,  ^  Gwouvtry,  Ajloebra,  and 
Trjconombtry,    in    Easy  Mnemonical   Lessons.      By  the  Rev.  Thomas 

PbJOTNGTON  KlRKMAN,  M.A.     IS.  6d. 

136.  ARITHMETIC,  Rudimentary,  for  the  Use  of  Schools  and  Self- 
Instruction.  By  Jamss  Hadoon,  M.A.  Revised  by  Absaham  Ajucan. 
IS.  6d. 

X37.    A  Kby  to  Haddon's  Rddimbntary  Aiuthmbtic.    By  A.  AaMAfr.    xs.  6d. 

147.  ARITHMETIC,  Stepping-Stone  to  ;  Being  a  Complete  Conne 

of  Exercises  in  the  First  Fonr  Rales  (Simple  and  Compoaod),  on  an  entirely 
new  principle.  For  the  Use  of  £lemen  tary  Schools  of  every  Grade.  Intended 
as  an  Introduction  to  the  more  extended  works  on  Arithmetic.  By  Abbaham 
AxMAN.    xs. 

148.  A  Kby  to  Stbpping-Stonb  to  Arithmbtic.    By  A.  Armak.    xs. 

158.  THE  SLIDE  RULE,  AND  HOW  TO  USE  IT;  Containing 
full,  easy,  and  simple  Instructions  to  perform  all  Business  Calcniations  with 
anezampied  rapiaity  and  accuracy.  By  Cbarlbs  Hoarb,  CE.  With  a 
Slide  Rule  in  tack  of  cover,    js. 

168.  DRAWING  AND  MEASURING  INSTRUMENTS,    Inclnd- 

ing— I.  Instruments  employed  in  Geometrical  and  Mechanical  Drawing, 
and  in  the  Constraction,  Copying,  and  Measnremcnt  of  Maps  and  F1ans% 
II.  Instruments  Used  for  the  parposes  of  Accurate  Measurement,  and  for 
Arithmetical  Computations.  By  j .  F.  Hbathbr.  M.A^  late  of  the  Royal 
Military  Academv.  Woolwich,  Author  of  "  Descriptive  Geometry,*'  &c.,  be. 
Illustrated,     xs.  oa. 

169.  OPTICAL  INSTRUMENTS.    Including  (more  especiaUy)  Tele- 

scopes, Microscopes,  and  Apparatus  for  producing  copies  of  Maps  and  Plans 
by  Photography.    By  J.  F.  Heather,  M.A.    Illustrated,    xs.  Cd. 

17a  SURVEYING    AND   ASTRONOMICAL    INSTRUMENTS. 
Including — I.  Instruments  Used  for  Determining  the  Geometrical  Features 
of  a  portion  of  Ground.   II.  Instruments  EmployM  in  Astronomical  Observa- 
tions.   By  J.  F.  Hbathbr,  M.A.    Illustrated,    xs.  6d. 
*•*  The  adove  three  vciumes  /arm  on  enlargitmeni  o/the  Author's  anginal  werh. 
^*  Mathematical  InstrumenU:  their  Construction^  Adjustiment^  Testing.andUse* 
the  Eleventh  Edition  0/ which  ie  on  sale,  price  \s.  6d,  (See  No.  3a  in  the  Series.) 

i^^MATHEMATICAL  INSTRUMENTS.  By  T.  F.  Heather, 
169.  >  M.A.  Enlarged  Edition,  for  the  most  part  entirely  re-wntten.  The  3  Pauts  as 
x7o.y  above,  in  One  thick  Volume.  With  numerous  lUustratioiu.  Cloth  boat ds.  5s. 


LEGAL    TREATISES. 

50.  THE  LAW  OF  CONTRACTS  FOR  WORKS  AND  SER- 

y/CES.    By  David  Gibboxs.    3s. 

107.  COUNTY  COURT  GUIDE,  Plain    Guide  for  Suitors  in  the 

County  Court.    By  a  BARRisTkR.    xs  6d. 

108.  THE  METROPOLIS  LOCAL  MANAGEMENT  ACT,  i8ih 

and  xgth  Vict.,  c.  xso:  X9th  and  aoth  Vict.,  c.  xia;  aist  and  ssnd  Vict., 
c.  104 ;  a4th  and  25th  Vict.,  c.  6x  ;  also,  the  last  Pauper  Removal  Act.,  and 
the  Parochial  Assessment  Act.     xs.  6d. 

io8».  THE  METROPOLIS  LOCAL  MANAGEMENT  AMEND^ 

HE  NT  ACT,  1862,  asth  and  26th  Vict.,  c.  xao.    Notes  and  an  Index,    xs. 
\*  With  the  Local  Management  Act,  in  One  Vulume,  as.  6d. 

151.  ^  HANDY  BOOR-  ON  THE  LAW  OF  FRIENDLY,  IN^ 
OUSTRIAL  6-  PROVIDENT  BUILDING  A-  LOAN  SOCIETIES. 
With  copious  Notes.    By  Natmanibl  Writs,  of  H.M.  Civil  Service,    xs. 

163.  THE  LAW  OF  PATENTS  FOR  INVENTIONS;  and  on 
the  Proiectioo  of  DeaigBs  and  Trade  Maifcs.  By  F.  W.  Campin,  Baxrister- 
at- Law.    9s. 

■s 
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ta        WB alb's  bducatiokal  and  classical  series. 
MISCELLANEOUS    VOLUMES. 

36,  A  DICTIONARY  OF  TERMS  used  in  ARCHITECTURE, 
BUILDING,  ENGINEERING,  MINING,  METALLURGY^  ARCHuK- 
OLOGY,  ike  FINE  ARTS,  fsfc.  With  Explanatoir Obscn'^tions  on  varioin 
Subjects  connected  with  Applied'  Science  and  Art.  B7  ToHSf  Wbalb. 
Fowrth  Edition,  with  numerous  Additions.  Edited  by  Robert  IIvnt,  F.R.S., 
Keeper  of  Mininir  Records,  Editor  of  Ure's  "  Dictionary  of  Arts,  Hanafac- 
tures,  and  Mines."    Nnaerons  lUastrations.    5s. 

IM.  MANUAL  OF  DOMESTIC  MEDICINE,  Describing  the 
Symptoms,  Caoses,  and  Treatment  of  the  most  common  Medical  and  Surigical 
AJfiections.  By  R.  Goodino,  B.A.,  M.B..  The  whole  intended  as  a  Family 
Guide  in  all  Cases  of  Accident  and  Emergency,    ss. 

iia*.  MANAGEMENT  OF  HEALTH,  A  Manual  of  Home  and 
Personal  Hygiene.  Bein^  Practical  Hints  on  Air,  Light^  and  Ventilation ; 
Exercise^  Diet,  and  Clothme  ;  Rest,  Sleep,  and  Mental  Discipline  ;  B^hinif 
and  Therapeutics.    By  the  Rev.  Jauks  Baikd,  B.A.    is. 

113.  FIELD  ARTILLERY  ON  SERVICE,  on  the  Use  of.  With 
especial  Reference  to  that  of  an  Army  Corps.  For  Officers  of  all  Arms. 
B^  TAOBsac,  Captain,  Prussian  Artillery.  Translated  from  the  German  by 
Lient.-Col.  Hbnry  Hamilton  Maxwell,  Bengal  Artillery,    is.  6d. 

II3*.  SWORDS,  AND  OTHER  ARMS  used  for  Cutting  and  Thrust- 
in|^  Memoir  on.  By  Colonel  Marby.  Translated  from  the  French  l^ 
Cdonel  H.  H.  Maxwbil.    With  Notes  and  Plates,    is. 

[5a  LOGIC,   Pure    and    Applied.       By   S.   H.   Emmens.       TUtd 

Edition,    is.  6d. 

151.  PRACTICAL  HINTS  FOR  INVESTING  MONEY.  With 
an  Explanation  oi  the  Mode  of  Transacting^  Business  on  the  Stock.  BKchangn. 
By  Fmancis  Playford,  Sworn  Broker,    is. 

I  SS' SELECTIONS    FROM    LOOSE'S    ESSAYS     ON     THE 
HUMAN  UNDERSTANDING,    With  Notes  by  S.  H.  Emmbks.    ts. 


EDUCATIONAL  AND  CLASSICAL  SEBIES. 


HISTORY. 
I.  England,  Outlines  of  the  History  of;  more  especially  with 

reference  to  the  Oricpn  and  Prop'ess  of  the  English  Constitution.  A  Text 
Book  for  Schools  ana  Colleges.  Br  William  Douglas  Hamilton,  F.S.A., 
of  Her  Majesty's  Public  Record  Orace.  Fourth  Edition,  revised  and  brongtit 
down  to  1672.  Maps  and  Woodcuts.  5s. ;  cloth  boards,  6b.  Also  in  Imvo 
Parts,  IS.  each. 

5.  Greece,  Outlines  of  the  History  of;  in  connection  with  the 

Rise  of  the  Arts  and  Civilization  in  Europe.  By  W.  Docolas  Hamilton. 
of  University  College,  London,  and  Edwakd  LiviBN,  M.A.,  of  BaUioi 
College,  Oxford,    as.  6d. ;  cloth  ooarda,  3s.  6d. 

7.  Rome,  Outlines  of  the  History  of:  From  the  Earliest  Period 

to  the  Christian  Era  and  the  Commencement  of  the  Decline  of  the  Empire. 
By  Edward  Lbvibn,  of  Balliol  College,  Oxford.  Map,  as.  6d. ;  cl.  bds.  3s.  6d. 

9.  Chronology  of  History,  Art,  Literature,  and  Progress. 

,fix>m  the  Creation  of  the  World  to  the  Conclnston  of  the  Franco-German 
War.    The  Continuation  bv  W.  D.  Hamilton,  F.S.A.^of  Hot  Msycsty't 
T  Record  Office.    3s. ;  cloth  boards,  3s.  6d. 

50.  Dates  and  Events  in  English  History,  for  the  use  of 

Candidates  in  Public  and  Private  ExaminatioBS.  By  ^e  Rev.  Edoar  Rand» 
B.A.    IS. 

LONDON:   LOCKWOOD  AND  C0«| 
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ENGLISH    LANGUAGE    AND    MISCEL- 
LANEOUS. 

11.  Grammar  of  the  English  Tongue,  Spoken  and  Written. 

With  an  Introdaction  to  the  Stady  of  Conparative  Philology.  By  Hyos 
Clarke,  D.C.L.    Third  Edjtion.    is. 

II*.  Philology:  Handbook  of  the  ComparatiTe  Philologv  of  English, 
Anglo-Saxon,  Frisian,  Fie  i  ish  or  Dutch,  Low  or  Piatt  Dutch,  Hi^  Dutch 
or  German,  Danish,  bwedikh,  Icelandic,  Latin,  Italian,  French,  Spanish,  and 
Portuguese  Tongues,    hy  Hydk  Ciakke,  D.C.L.    is. 

12.  Dictionary  of  the  English    Language,  as  Spoken  and 

Written.  Containing  above  100,000  Words.  By  Hvdb  Clarkb,  D.C.L. 
39.  6d. ;  cloth  boards,  4s.  6d. ;  complete  with  the  Gkammar,  cloth  bd».,  58.<3d. 

48.  Composition  and    Punctuation,   familiarly  Explained    for 

those  who  have  neglected  the  Study  of  Grammar.  By  Austin  Brbnan. 
i6th  Kdition.     is. 

49.  Derivative  Spelling-Book :  Giving  the  Origin  of  Every  "Word 

from  the  Greek,  L.atin,  Saxon,  German,  Teutonic,  Dutch,  French,  Si>anishy 
and  other  L-.nguages;  with  their  present  Acceptation  and  Pronunciation. 
By  J.  RowBOTHAM,  F.R.A.S.    Improved  Edition,    is.  6d. 

51.  The  Art  of  Extempore  Speaking :  Hinis  for  the  Palpit,  the 

Senate,  and  the  Bar.  By  M.  Bautain,  Vicar-General  and  Professor  at  the 
Sorbonne.  TrauNlated  from  the  French.  Fifth  Fdition,  c<k.retu]ly  corrected. 
2s.  6d. 

52.  Mining  and  Quarrying,  with  ths  Sciences  connected  there- 

with. I'irst  Book  ot,  tor  Schools.  By  T.  H.  Collins,  F.G.S.,  Lecturer  to 
the  Miners'  Associiition  of  Cornwall  and  Devon,    is.  6d. 

53.  Places  and  Facts  in  Political  and  Physical  Geography, 

for  Candidates  in  Public  and  Private  Examinations.  By  iho  Rev,  Edgar 
Ran:>,  B.A.     is. 

54.  Analytical  Chemistry,  Qoalitative  and  Quantitative,  a  Coaise 

of.  To  which  is  prefixed,  a  Briet  Treatise  upon  Modem  Chemical  Nomencla- 
ture and  Notation.  By  Wm.  W.  Pink,  Practical  •Chemist,  &c.,  and  Gborgb 
S.  Wbpstbk,  Lecturer  on  Metallurgy  and  the  Applied  Sciences,  Notting- 
ham,   as. 

THE    SCHOOL    MANAGERS*   SERIES   OF  READING 

BOOKS, 

Adapted  to  the  Rcouircments  of  the  New  Code.  Edited  by  the  Rev.  A.  R.  Grant, 
Rector  of  Hitcbam,  and  Honorary  Canon  of  Ely;  formerly  U.M.  Inspector 
of  Schools. 

».  d. 
Introductory  Primbr  .    o    3 
First  Ssanoard     .       .06 
Second      „  .       .    o  zo 

*^*  A  Sixth  Standard  in  Preparation, 

Lbssoni  prom  the  Bidlr.    Part  I.    Old  Testament,     is. 

Lbs^ons  prom  the  Bible.     Part  II.     Notv  Testament,  to  which  ii  added 

Thv  Geography  of  the  Bible,  for  very  youns  Children.    By  Rev.  C. 

Thorn  JON  Forster.     is.  2d.    %*  Or  the  Two  Parts  in  One  Volume.  2s . 


».  d. 
Third  Standard  .       .       .       .10 
FOCKTH        t,  ....     X     a 

Fifth  „         ....    x    6 


FRENCH. 

24.  French  Grammar.    With  Complete  and  Concise  Roles  on  the 

Genders  of  French  Nouns.    By  G.  L.  Strauss,  Ph.D.    xt. 

25.  French-English  Dictionary.    Comprising  a  large  nnmber  of 

New  Terms  used  in  Engineering,  Mining,  on  Railwaya,  Itc.     By  Alfrbo 
Elwss.    is.  6d. 
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Fronch,  cofiiinued. 

\    26.  English- French  Dictionary.    By  Alfred  Elwss.    2s. 
25,26.  French  Dictionary  (as  above).    Complete,  in  One  VoL,  3s. : 

cloth  boards,  39.  6d.    %*  Or  with  the  Gramkab,  cloth  boanU,  4s.  6d. 

^7-  French   and    EngUsh    Phrase   Book:    Containing  Intro- 

ducton'  Lessons,  with  Translations,  for  the  convenience  of  Studenti :  several 
Vocabulanos  of  Words,  a  Collection  of  suiUble  Phrases,  and  Easr  Familiar 
Dialogues,    is. 

GERMAN. 

39.  German  Grammar.      Adapted   for  English   Studente,   from 

Hcyse's  Theoretical  and  Practical  Grammar,  by  Dr.  G.  L.  Strauss,    xs. 

40.  German  Reader :  A  Series  of  Extracts,  carefully  culled  ftom  the 

most  approved  Authors  of  Germany ;  with  Notes,  Phi'lological  and  Ex> 
planatory.    By  G.  L.  Strauss,  Ph.D.    is.  ^ 

41.  German  Triglot  Dictionary.     By  Nicholas  Estsrhazy, 

S.  A.  Hamilton.    Part  I.  English-German-J^rench.    zs. 

42.  German    Triglot    Dictionary.    .  Part  II.   Grerman-French- 

£ngHsh.    IS. 

43.  German  Triglot  Dictionary.      Part  m.    French-German- 

English.    IS. 

41-43.  German  Triglot  Dictionary  (as  above),  in  One  .Vol.,  3s.; 

doth  boards,  48.    *«*  Or  with  the  Gkrman  Grammar,  cloth  boards,  5s. 


ITALIAN. 

27.  Italian  Grammar,  arranged  in  Twenty  Lessons,  with  a  Course 

of  Exercises.    By  Alprbd  Elwks.    is. 

28.  Italian  Triglot  Dictionary,  wherein  the  (xenders  of  all  the 

Italian  and  French  Nouns  are  carefully  noted  down.    By  Alfrkd  Elwks. 
Vol.  X.  Italtan-English-French.    ss. 

30.  Italian    Triglot    Dictionary.      By  A.  Elwss.      Vol.   2. 

English-French-Italian.     ss. 

32.  Italian  Triglot  Dictionary.     By  Alfred  Elwbs.    Vol.  3. 

French-Italian-English.    as. 

28,30,  Italian  Triglot   Dictionary  (as  above).    In  One  Vol.,  63. ; 
32.     cloth  boards,  7s.  6d.     %*  Or  with  the  Italian  Grammar,  cloth  bds.,  8s.  6d. 


SPANISH. 

34.  Spanish  Grammar,  in  a  Simple  and  Practical  Form.    With 

a  Course  of  Exercises.    By  Alfred  Elwbs.     ^s. 

35.  Spanish- English   and    English-Spanish    Dictionary. 

Including  a  large  number  ^f  Technical  Terms  used  in  Minins-,  Engineering,  &c., 
with  the  proper  Accents  and  the  Gender  of  every  Noun.  By  Alprbd  Elwss. 
4S. ;  cloth  boards,  5s.    %*  Or  with  the  Grammar,  cloth  boards,  6s. 


HEBREW. 
46*.  Hebreiv  Grammar.    By  Dr.  Brksslau.     ts. 
44.  Hebreiv  and  English  Dictionary,  Biblical  and  Rabbinical ; 

containing  the  Hebrew  and  Chaldee  Roots  of  the  Old  Testament  Post- 
Rabbinical  Writings.  By  Dr.  Brksslau.  6s.    %*  Or  with  the  Grammar,  7s. 

46.  English  and  Hebreiv  Dictionary.    By  Dr.  Brksslau.    3s. 
44,46.  Hebre^w  Dictionary  (as  above),  in  Two  Vols.,  complete,  with 

46*.      the  Grammar,  cloth  boards,  xas. 

LONDON:   LOCK  WOOD  AND  CO.. 


-'-     r--     ^i.^l".    .yvri'A^^'^l    I  l^»llK^m^»^r'"r'""i    "••      ■.''"   -i?r-->€?-»'; 


WSALS'S   EDUCATIONAL  AND  CLASSICAL  SERIES.  1 5 

LATIN. 

19.  Latin  Grammar.    Containing  the  Inflections  and  Elementary 

Principles  of  Translation  and  Construction.    By  the  Rev.  Thomas  Goodwin, 
M.A.,  Head  Master  of  the  Greenwich  Proprietary  School,    is. 

20.  Latin-English  Dictionary.    Compiled  fiom  the  besit  Autho- 

rities.   By  the  Rev.  Thomas  Goodwin,  M.A.    as. 

22.  English-Latin    Dictionary;   together  with  an  Appendix  of 

French  and  Italian  Words  which  have  their  origin  from  the  Latin.     By  the 
Rev.  Thomas  Goodwin,  M.A.    n.  6d. 

20,22.  Latin  Dictionary  (as  above).    Complete  in  One  Vol.,  3s.  6d. ; 
cloth  boards,  4s.  6d.    %*  Or  with  the  Grammar,  cloth  boards,  $••  6d. 

LATIN  CLASSICS.    With  Explanatory  Notes  in  Enghsh. 

1.  Latin  Delectus.    Containing  Extracts  from  Classical  Authors, 

<with  Genealogical  Vocabularies  and  Explanatory  Notes^  by  Hbnrv  Youko, 
lately  Second  Master  of  the  Royal  Grammar  School,  Guildford,    xs. 

2.  Caesaris  Commentarii  de  Bello  GalHco.  Notes,  and  a  Geographical 

Register  for  the  Use  of  .Schools,  by  H.  Young,    ss. 

12.  Ciceronis  Oratio  pro  Sexto  Roscio  Amerino.  Edited,  with  an 
Infroduction,  Analysis,  and  Notes  Explanatory  and  Critical,  by  the  Rev^ 
Jamrs  Davibs,  M.A.    ts. 

14.  Ciceronis  Cato  Mnjor,  Laelius,  Brutus,  sive  de  Senectute,  de  Ami- 
citia,  de  Claris  Oratoribus  Dialogi.  With  Notes  by  W.  Brown rioo  Smith, 
M.A.,  F.R.G.S.    ss. 

3.  Cornelius  Nepos.     With  Notes.     Intended  for  the  Use  of 

Schools.    By  H.  Young,    is. 

6.  Horace;  Odes,   Epode,  and  Carmen  Ssecnlare.     Notes  by  H. 

Young,    zs.  6d. 

7.  Horace ;  Satires,  Epistles,  and  Ars  Poetica.  Notes  by  W.  Brown* 

rigo  Smith,  M.A.,  F.R.G.S.    xs.  6d. 

21.  Juvenalis  Satiiae.    With  Prolegomena  and  Notes  by  T.  H.  S. 

EscoTT,  B.A.,  Lecturer  on  Logic  at  King's  College,  I^ndon.     is.  6d. 

16.  Livy :  History  of  Rome.  Noies  by  H.  YouNO  and  W.  B.  Smith, 

M.A.    Part  z.    Books  i.,  ii.,  is.  6d. 

x6*.. —'  Part  a.    Books  iii.,  iv.,  v.,  zs.  6d. 

17.  Part  3.    Books  xxi.  xxii.,  is.  6  *. 

8.  Sallustii  Crispi  Catalina  et  Bellum  Jngurthinum.    Notes  Critical 

and  Explanatory,  by  W.  M.  Donnb,  B.A.,  Trinity  College,  Cambridge. 
xs.  6d. 

10.  Terentii  Adelphi  Hrcyra,  Phormio.    Edited,  with  Notes,  Critical 

and  Explanatory,  by  the  Rev.  Jambs  Davibs,  M.A.    ts. 

9.  Terentii  Andria  et  Heautoniimorumenos.     With  Notes,  Critical 

and  Explanatory,  by  the  Rev.  Jambs  Davibs,  M.A.    xs.  6d. 

11.  Terentii  Eunuchus,  Comoedia.    Edited,  with  Notes,  by  the  Rev. 

Jambs  Davibs,   M.A.     zs.  6d.    Or  the  Adelphi,  Andria,  and  Eunuchus, 
3  vols,  in  X,  cloth  boards,  6*. 

4.  Virgilii  Maronis  Bucolica  et  Georgica.  With  Notes  on  the  Buco- 

lics by  W.  RustiTON,  M.A.,  and  on  the  Georj^cs  by  H.  Young,    is.  6d. 

5.  Virgilii  Maronis  ^neis.    Notes,  Critical  and  Explanatory,  by  H. 
Young,    ss. 

19.  Latin  Verse  Selections,  from  Catullus,  Tibullus,  Propertius, 

and  Ovid.  Notes  by  W.  B.  Donnb,  M.A.,  Trinity  College,  Cambridge,    ss. 

20.  Latin  Prose   Selections,  from  Varro,  Columella,  Vitruvius, 

Seneca.  Ontntilian,  Florus,  Velleius  Paterculus,  Valerius  Maximus  Sueto- 
nius. Apuleius,  lie.    NotesbyW.B.  Donnb,  M.A.    ss. 
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GR£EK. 

14.  Greek  Grammar,  in  accordance  with  the  Principles  and  PhU6- 

loi^cal  Rnsearches  of  the  most  eminent  Scholars  of  oor  own  day.  By  HAms 
Clauds  Hamilton,    is. 

15,17.  Greek  Lexicon.  Containing  all  the  Words  in  Genera]  Use,  with 

their  Sii^tfications,  Inflections,  and  Doubtful  Quantities.  By  HiNsr  R. 
Hamilton.  Vol.  i.  Greek -English,  ss. ;  Vol.  s.  Entflish-Greek,  ss.  Or  the 
Two  Vols,  in  One,  4s. :  cloth  boards,  5s. 

14.15.  Greek  Lexicon  (as  above).    Complete,  with  the  Grammar,  in 

z;.      One  Vol.,  cloth  boards,  6s. 
GREEK  CLASSICS.    With  Explanatory  Notes  in  English. 

r.  Greek  Delectus.  Containing  Extracts  from  Classical  AuihoTs, 
with  Genealogical  Vocabularies  and  Explanatory  Notes,  by  H.  Young.  New 
Edition,  with  an  improved  and  enlarged  Supplementary  Vocabulaiy,  by  John 
Hutchison,  M.A.,  of  the  High  School,  Glasgow,    zs. 

30.  ^^schylus :  Prometheus  Vinctus  :  The  Prometheus  Bound.  From 
the  Teat  of  Dindorf.  Edited,  with  English  Notes,  Critical  and  Explanatory, 
by  the  Kev.  Jamks  Davibs,  M.A.    is. 

32.  ^^schylus:  Septem  Conti a  Thebes:  The  Seven  against  Thebes. 
From  the  Text  of  Dindorf.  Edited,  with  English  Notes,  Critical  and  Ex- 
planatory, by  the  Rev.  Jambs  Davibs,  M  A.    zs. 

40.  Aristophanes :   Achamians.     Chiefly  from  the  Text  of  C.  H. 

Wbisb.    With  Notes,  by.C.  S.  T.  Townshbnd,  M.A.    zs.  6d. 
26.  Euripides:  Alcestis.    Chiefly  from  the  Text  of  Dindorf.  With 
Notes,  Critical  and  Explanatory,  by  John  Miij4BR,  B.A.    zs. 

23.  Euripides :  Hecuba  and  id edea.  Chitfly  from  the  Text  of  Din- 
dorf. With  Notes,  Critical  and  £xpIanatory/by  W.  Brownrioc  SMrru, 
M.A.,  F.K.G.S.    is.6d. 

14-17.  Herodotus,  The  History  of,  chiefly  after  the  Text  of  Gaisford. 
With  Preliminary  Observations  and  Appendices,  and  Notes,  Critical  and 
Explanatory,  by  T.  H.  L.  Leary.  M.A.,  D.C.L. 

Part  I.     Books  i.,  ii.  (The  Clio  and  Euteroe),  zs.  6d. 

Part  >.    Books  iii.,  iv.  (The  Thalia  and  Melpomene),  is.  6d.^ 

Part  3.    Books  v.-vii.  (The  1  erpsichore,  Erato,  and  Polymnia)  is.  6d. 

Part  4.    Books  viii.,  iv.  (The  Urania  and  Calliope)  and  Index,  is.  6d. 

5-12.  Homer,  The  Works  of.     According  to  the  Text  of  Bakumlein. 

With   Notes,   Critical  and  Explanatory,    drawn  from  tho  best  and  latest 

Authoritif^s,  with  Preliminary  Observations  and  Appendices,  by  T.  H.  L. 

Lbarv,  M.A.,  D.C.L. 

Thb  Iuad  :         Part  I.  Books  i.  to  vi.^  zs.6d.    j  Part  3.  Books  xiii.  to  xviil.,  is.  6d. 

Part  2.  Books  vii.  to  xii.,  zs.  6d.   {   Part  4.,  Books  xtx.  to  xxiv.,  is.  6d. 

Thb  Odyssby:    Part  i.   Books  i.  to  vi.,  zs.  6d.       Part  3.  Books  xiii.  to  zviii.,  is.  6d. 

Parts.  Books  vii.  to  zii.,zs.6d.      Part  4.  Books  zix.  to  xxiv.,  «ad 

Hymns,  as. 

4.  Luciau's  Select  Dialogues.    The  Text  carefully  revised,  wiA 

Grammatical  and  Explanatory  Notes,  by  H.  YouNO.    is. 

13.  Plato's  Dialogues :  The  Apology  of  Socrates,  the  Crito,  and 
the  Phaedo.  From  the  Text  of  C.  F.  Hermann.  Edited  with  Notes,  Critical 
and  Explanatory,  by  the  Rev.  Jambs  Davibs,  M.A.    ss. 

18.  Sophocles:  CEdipusTyrannus.    Notes  by  H.  Youno.     is. 

20.  Sophocles:   Antigone.    From  the  Text  of  Dindorf.     Notes, 

Critical  and  Explanatory,  by  the  Rot.  John  Milnxr,  B.A.    as. 

41.  Thucydides:  History  of  the  Peloponnesian  War.    Notes  by  H. 

Young.    Book  i.    !»• 

2,  3.  Xenophon's  Anabasis ;  or,  The  Retreat  of  the  Ten  Thousand. 

Notes  and  a  Geoyriphica    Register,  by  H.  Youno.    Part  i.  Books  i.  to  iti^ 
zs.    Part  2.  Books  iv.  to  vii.,  zs. 

42.  Xenophon's  Panegyric  on  Agesilaus.    Notes  aod  Intro- 
duction by  I.L.  F.  W.  Jbwitt.    z«.  6d.  
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